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PREFACE 

The Engineering Design Handbook Series of the Army Materiel Command 
is a coordinated series of handbooks containing basic information and 
fundamental data useful in the design and development of Army materiel 
and systems. The handbooks are authoritative reference books of practical 
information and quantitative facts helpful in the design and development of 
Army materiel so that it will meet the tactical and the technical needs of the 
Armed Forces. 

This handbook — essentially U S Army Natick Laboratories Technical 
Report 72-21-CE Fabric Design Handbook, January 1972, authored by Mr. 
Louis I. Weiner — contains in tabular form the solutions of the maximum 
weavability equations for the plain, Oxford, 3- and 4-harness twills, and 
5-harness sateen in terms of warp and filling cover factors and yarn number 
ratio (Beta) for fabrics made from any fiber species and from blends. The 
tables are set up for yarn bulk densities ranging from 0.54 to 4.6; this 
includes fibers as light as polyethylene and as heavy as stainless steel. 
Supplementary tables are provided giving yarn bulk densities (assuming 
standard packing factors of 0.59 and 0.67) for all of the commercial fibers 
and for blends of the most important commercial fibers in increments of 5% 
ranging from 0% to 100% blend composition. 

The design tables contained in this handbook are based upon a simple 
geometrical model of woven fabric which was proposed by F.T. Peirce more 
than 30 years ago. A graphical solution of the model for maximum weavable 
cotton fabrics was developed by Louis Love in 1955. In 1964 the basic 
equations for maximum weavable cotton fabrics were solved and the 
information put in easily accessible tabular form by Louis I. Weiner. 

In 1966 Mr. Weiner made an important contribution by extending the 
model of Peirce to synthetic fibers and blends, tabulating numerical 
solutions to the basic design equations for plain, Oxford, 3-, 4-, and 
5-harness weaves, and providing an easy means of using the tables for all 
fiber types as well as blends. 

The generalized solutions of the maximum weavable equations are derived 
and tabled for a broader spectrum of yam bulk densities than in the 1966 
report. In addition, this revision takes into account the more valid figure for 
the density of cotton fiber, for use in geometric calculations, of 1.35 instead 
of 1.54. To adjust for this difference, yam bulk densities in terms of fiber 
densities for single fiber species and blends have been solved for both the 
0.59 and 0.67 packing factor assumptions. 

While from a theoretical standpoint it should be more correct to use the 
packing factor of 0.67, much practical experience in the use of these tables 
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in the past indicates that the 0.59 assumption yields more valid results. This 
probably arises from the fact that conventional looms in use today are not 
capable, without special attachments, of attaining the energy necessary to 
force in the few extra picks that would be required for the 0.67 packing 
factor to be used. 

This new approach to the design of fabric now has been used for many 
years, and countless examples have been amassed of the value of the 
information contained in these tables and the practicality of the approach. 
When one is confronted with the need to weave an unfamiliar construction, 
or even a familiar construction from an unfamiliar fiber, or from a blend of 
fibers, the use of these tables as a guide to design specifications can save 
much time and money spent in unsuccessful trials. 

The Engineering Design Handbooks fall into two basic categories, those 
approved for release and sale, and those classified for security reasons. The 
Army Materiel Command policy is to release these Engineering Design 
Handbooks to other DOD activities and their contractors and other 
Government agencies in accordance with current Army Regulation 70-31, 
dated 9 September 1966. It will be noted that the majority of these 
Handbooks can be obtained from the National Technical Information 
Service (NTIS). Procedures for acquiring these Handbooks follow: 

a. Activities within AMC, DOD agencies, and Government agencies other 
than DOD having need for the Handbooks should direct their request on an 
official form to: 


Commanding Officer 
Letterkenny Army Depot 
ATTN: AMXLE-ATD 
Chambersburg, Pennsylvania 17201 

b. Contractors and universities must forward their requests to: 

National Technical Information Service 
Department of Commerce 
Springfield, Virginia 22151 

(Requests for classified documents must be sent, with appropriate “Need to 
Know” justification, to Letterkenny Army Depot.) 

Comments and suggestions on this Handbook are welcome and should be 
addressed to: 


U.S. Army Materiel Command 
ATTN: AMCRD-TV 
Washington, DC 20315 

(DA Forms 2028 (Recommended Changes to Publications), 
which are available through normal publications supply 
channels, may be used for comments/suggestions.) 
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FABRIC DESIGN 

TABLES OF SOLUTIONS OF EOUATIONS FOR MAXIMUM WEAVABILITY 
FABRICS MADE FROM SINGLE FIBER SPECIES AND BLENDS 


1-1 PURPOSE AND SCOPE 
1-1.1 PURPOSE 

The tables in this handbook are presented 
to facilitate the designing of high-texture or 
maximum-weavable fabrics. Maximum- 
weavable fabrics are the largest class of 
functional fabrics used by industry and the 
military. Among many weaves they include 
ducks, poplins, wind-resistant twills and 
sateens, airplane and balloon cloths, and 
linings. In designing maximum-weavable 
fabrics it is always of concern to the designer 
to know whether his fabric is practical in 
terms of the capacity of the loom to put in 
the necessary picks. 

The purpose of these tables is to eliminate 
the need for direct computation or for graphi¬ 
cal techniques previously used for obtaining 
the solution of maximum weavability prob¬ 
lems. For the first time, the tables provide the 
solutions to the maximum weavability equa¬ 
tions for fabrics made from any type of fiber 
or from blends. These tables augment those 
published in Ref. 1 * which can be used only 
for cotton fabrics. 

1-1.2 SCOPE 

This handbook contains in tabular form the 
solution of the equations for maximum weav¬ 
ability fabrics for the plain, Oxford, 3- and 
4-harness twills, and 5-harness sateen for yarn 
bulk densities equivalent to polyethylene on 
the low side and to stainless steel on the high 
side and including all the commercial textile 
fibers and blends of the most common textile 
fibers in increments of 5% blend composition. 


♦References are listed following par. 1-7. 


The maximum weavability tables (Table 
1-3) in this handbook provide solutions over a 
warp cover factor range of from 8 to 62 
inclusive (on a sliding scale depending upon 
yarn bulk density), at intervals of 1, and over 
a Beta factor range of from 0.5 to 2.0 at 
intervals of 0.1. Where design data are given in 
terms of yarns per inch and warp or filling 
yarn number, cover factors and Beta factors 
may be obtained from tables in Ref. 1 or 
computed from Eqs. 1-4, 1-5, or 1-6. 

In addition, two tables are presented which 
provide a means of obtaining the yarn bulk 
density when this information is not other¬ 
wise available. One of these tables (Table 1-1) 
gives the standard fiber density for every 
commercial textile fiber and the equivalent 
yarn bulk densities computed on the assump¬ 
tion of packing factors of 0.59 and 0.67. In 
the absence of experimental information on 
the exact packing factor the value of 0.59 
should be used. Table 1-1 may also be used 
for any experimental fiber having a fiber 
density equivalent to that of a given commer¬ 
cial fiber. The second of these tables (Table 
1-2) gives the yarn bulk densities of blends of 
the most important of the commercial fibers. 
The blends are tabled in 5% increments from 
0% to 100% blend composition. 

1-2 THEORETICAL BACKGROUND AND 
PREVIOUS TECHNIQUES 

The findings of Peirce have been considered 
basic in the design and development of fabric 
structures. The equations of Peirce (Ref. 2) 
for the plain weave were published in graphi¬ 
cal form by Painter (Ref. 3), and also in 
nomographic form, by Backer, Adams, and 
Schwarz (Ref. 4). Finally, Love (Ref. 5) 
extended Peirce’s equations to weaves other 
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than the plain, and developed a series of 
graphs to simplify the prediction of construc¬ 
tion parameters of maximum weavability 
fabrics. Weiner and Johnston (Ref. 1) solved 
and tabled the Love equations for a range of 
cover factors from 10 to 32 and over a Beta 
factor range from 0.5 to 2.0. 


1-3 COMPUTATION AND ORGANIZATION 
OF THE TABLES 

1-3.1 YARN BULK DENSITY TABLE FOR 
FIBERS (TABLE 1-1) 

Ideally, it would be desirable to know the 
exact bulk density of yarns comprising textile 
fabrics in order to obtain the maximum 
design accuracy from the maximum weavabil¬ 
ity tables in this handbook. It is difficult, but 
not impossible, to obtain a fair approximation 
of yarn bulk density. The weight of a given 
length of yarn may be obtained with consid¬ 
erable precision, as can the length of yarn 
itself. However, because of the inherent com¬ 
pressibility and “hairiness” of many yarns, it 
is difficult to obtain a realistic measurement 
of yarn diameter (or yarn area) which is 
needed to compute the bulk density. Despite 
the difficulties, many methods have been used 
with reasonable success to obtain such mea¬ 
surements, including microscopic, seriplane, 
thickness gage, and Peirce’s roving twist tech¬ 
nique. 

Most workers (Refs. 5, 6) conventionally 
follow Peirce’s recommendations for cotton 
fabrics of 0.909 g/cm^ as a standard yarn 
bulk density for design work. 

Since the density of the cellulose in the 
cotton fiber is 1.54 g/cm^, the degree of 
“packing” was considered to be the ratio of 
the yarn bulk density to the fiber density, or: 


This value of 0.59, which is called the 
packing factor PF or packing coefficient, had 
been standardized (Ref. 6) for fibers other 


than cotton and had been used to compute 
the yarn bulk density from the fiber density 
of any fiber. Work done at the Shirley 
Institute, in which the volume of the lumen 
of the cotton fiber is taken into considera¬ 
tion, indicates that the density of the cotton 
fiber for geometrical calculations should be 
1.35. By use of this revised value, the compu¬ 
tation for packing factor becomes 

n QOQ 

PF = — ■ = 0.673 (approximately 0.67) 

Despite these findings, past experience in the 
use of these tables has indicated that the 
packing factor value of 0.59 provides the 
most reasonable estimates for fabric design. In 
short float weaves, using the packing factor of 
0.59 appears to yield a fairly absolute maxi¬ 
mum in tightness. For the longer float weaves, 
the 0.59 packing factor sometimes yields 
designs that may be just below the maximum. 
However, for all practical purposes, with the 
state of technology of loom design as it exists 
today, the best results in using these tables 
can be obtained in assuming a 0.59 packing 
factor. Supplementary tables for the 0.67 
packing factor are included for reference 
purposes and in the event that future develop¬ 
ments may lead to tighter fabric constructions 
than are practical today in weaving tech¬ 
nology. 

Yarn bulk densities Dcy for different fiber 
types may be computed as the product of the 
fiber density Dcf by the packing factor 

Dey=DefxPF (1-1) 

For nylon (Dcf of 1.14), for example, if we 
assume a PF of 0.59 we get as the yarn bulk 
density 

1.14x0.59 = 0.67 

The yarn bulk density table was prepared 
in this manner. Thus, the first step to take in 
designing a maximum weavable fabric-from 
say, Acrilan—in the absence of experimental 
data on yam bulk density, would be to refer 
to Table 1-1 for its bulk density. 


2 


Digitized by LjOOQle 



AMCP 706-300 


1-3.2 YARN BULK DENSITY TABLE FOR 
BLENDS (TABLE 1-2) 

Table 1-2 provides, for blends of the most 
common fibers, the same information con¬ 
tained in Table 1-1 for single fiber yarns. 
Blend proportions are from 0% to 100% in 5% 
increments. 


The values in Table 1-2 were obtained from 
the solution of Eq. 1-2. 

0.59 (Yarn bulk 

(1-v4) density of 

n ^ "7)- blends for 

computing 
Table 1-2) 

where = bulk density of the blended 

yarn 

= fiber density of fiber #1 

” fiber density of fiber #2 

A = percentage of blended fiber #1 
expressed as a decimal 

A sample calculation for a blend of 25% 
nylon and 75% cotton is 


0.59 

De --- 

^ 0.25 (1 - 0.25) 

1.14"^ 1.54 


0.84 


In Table 1-2 the fiber density of one of the 
component fibers is given at the head of the 
first column with the percentage of that fiber 
(from 0% to 100%) given below it. The 
headings of the following eight columns give 
the fiber densities of the other component 
fibers, and the values in the body of the table 
are yarn bulk densities. For the problem 
solved by Eq. 1-2 turn to the 0.59 section of 
Table 1-2 showing fiber density of 1.14 (for 
nylon) in first column: drop down to 25 (the 
percentage of nylon in blend) in first column, 
go across this row (25) to value under column 
headed 1.54 (fiber density of cotton): this 
will give bulk density of 0.84. 

If necessary, linear interpolation may be 
used for other blend percentages or fiber 
densities. 


1-3.3 MAXIMUM WEAVABILITY TABLE 
(TABLE 1-3) 

Table 1-3, “Maximum Value of Filling 
Cover Factor K 2 in Terms of Warp Cover 
Factor, Beta Factor, and Yarn Bulk Density”, 
shows the maximum filling cover factor K 2 
that is theoretically obtainable for a given 
combination of warp cover factor and Beta 
factor. The filling cover factors for the various 
yarn bulk densities and weaves were obtained 
by the solutions of Eqs. 1 -3, the derivation of 
which is given in Appendix A. 


[Equations solved in setting up Table 1-3] 
PLAIN WEAVE, 1 


f\ - 


29.2 ^ 

(i+/3)/:J y lil+P)K2 ] 


THREE-HARNESS WEAVES, M = 1.5 



= 1 


(1-3) 
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FOUR-HARNESS WEAVES, M = 2.0 



M 


2 / 

+ / - 

_ \ K 2 / 

t+ 1.12 


~ 

1.12(1+JS) J 

L 1.12(1+(3) 

J 


= 1 


>(1-3) 


FIVE-HARNESS WEAVES, 2.5 



r /33 6 ^ \ 1 

/ 

r /33.6yTC 1 

0 

\ / 


L \ ^2 / J 


1.15(1+0) 

1.15(1+0) 



= 1 


OXFORD WEAVE, yjfi = 2.0, M2 = \.0 



L , 1 ] 

1 + 1.12 



' 29.2 3 / 0 ^ 0 ’ 

1 . 12 ( 1 + 0 ) 

_ 

L ( 1 + 0)^:2 J 


= 1 


where M = 


number of yarns per repeat of weave 
number of interlacings per repeat of weave 


Cover factors* or Beta factor may be com¬ 
puted from Eqs. 1-4, 1-5, or 1-6. 


K, = 



(Warp cover factor 
equation) 


(1-4) 


where = Beta factor or yam balance 
NI = warp yarn number 
N 2 = filling yam number 


where = warp cover factor 

til = warp texture or yarns per in. 

Aj = warp yarn number or “count” 

'^2 (Filling cover factor 

equation) ^ ^ 

where K 2 = filling cover factor 

«2 = filling texture or yarns per in. 

N 2 = filling yarn number or “count” 


If yarns are numbered in systems other 
than the “cotton” system, they should be 
converted to the cotton system in order to 
use Table 1-3. 

In Table 1 -3 warp cover factors range from 
8 to 62 (depending on yarn density), and Beta 
factors from 0.5 to 2.0. In order to simplify 
the programming and print-out, nonvalid 
values (because of Ki being too low) are 
indicated by zeros (“0”) in the table. This 
does not mean that the numerical value of K 2 
is zero. The zero should be read as a blank 
space. 


/3 = 



(Beta factor equation) 


( 1 - 6 ) 


♦Throughout this handbook subscript 1 refers to warp and 
subscript 2 refers to filling. 


For each of the yam bulk densities, ranging 
from 0.54 to 4.6, there is a section for each of 
the five weave types. The maximum filling 
cover factor values are given to one decimal 
place, which is quite adequate precision for 
textile design work. Interpolation may be 
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used for fractional values of warp cover 
factor. 

1-4 USE OF TABLES 1-1 AND 1-2 

Tables 1-1 and 1-2 merely provide the 
essential value of yarn bulk density which 
indicates the correct location in Table 1-3 to 
enter (each page of Table 1-3 has yarn bulk 
density at the top) to obtain the solution 
appropriate to the fiber type or blend of 
which the fabric is composed. 

1-5 HOW TO USE TABLE 1-3 

Table 1-3 is the one from which the 
usefulness of this report derives. Table 1-3 is 
presented primarily as the solution of the 
equation for filling cover factor (see Eq. 1-5) 
when warp cover factor, Beta factor, and yam 
bulk density are known. (It can also be read 
for a solution when any three elements are 
given or required, to find the fourth.) 

Perhaps the easiest way to visualize the 
relationship of these four elements of Table 
1-3 and how they are obtained is by consider¬ 
ing the following tabulation. 

Knowledge of any three of the four “ele¬ 
ments” listed will provide the necessary infor¬ 
mation for obtaining the fourth from Table 
1-3. However, in the conventional design of 
fabrics the yarn bulk density, warp cover 
factor, and Beta factor are usually known first 
or computed and the filling cover factor is the 
unknown factor which is usually sought. 


Element of 
Table 1-3 

Obtainable 

from 

If you have 

Yarn Bulk 
Density De 

1. Actual phys¬ 
ical measure¬ 
ment 



or 



2. Table 1-1 
(for single 
fiber) 

Fiber name 
or fiber 
density 


or 



Element of 
Table 1-3 

Obtainable 

from 

If you have 


3. Table 1-2 

Blend com¬ 


(for blends) 

position 

Warp Cover 

1. Equation 1-4 


Factor Ki 

(nJyfWi) 

W yarn 


or 

number and 


2. Ref. 1 

W texture 


.. iXV/l. 1 

(Table 1-1)* 


Filling Cover 1. Equation 1 -5 
Factor A:^ (Wi/V^) 

or 

2. Ref. 1 
(Table 1-1)* 

Beta Factor ^ 1. Equation 1 -6 

or 

2. Ref. 1 
(Table 1-2)* 


*Ref. 1 provides the solution of the cover factor equations 
(liqs. 1-4 and 1-5) and the Beta factor equation (Eq. 1-6) for 
a wide range of yarn numbers and textures. 

The textile designer normally has access to 
the information in the far right column above; 
this enables him to make the preliminary 
calculations or to check in Tables 1-1 and 1-2 
to obtain the yarn bulk density to enter Table 
1-3. Thus, if he is looking for the greatest 
number of filling yarns of a given size which 
can be used for a given weave type, he will 
know: 

(1) the fiber density or blend composition 
which will then give him the yarn hulk 
density De 

(2) the warp yarn number Ni and warp 
texture n^ which will provide the warp cover 
factor Ki 

(3) the filling yarn number N 2 that, with 
the warp yarn number , will provide the 
Beta factor. 


F yarn 
number and 
F texture 


W yarn num¬ 
ber and F 
yarn number 
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Using the above three items, he can secure 
from Table 1-3 the maximum filling cover 
factor K 2 . 

The maximum filling texture can be ob¬ 
tained by solution of Eq. 1-7. 

rti = Ki (Maximum filling (1-7) 

texture equation) 

where n 2 = filling texture, or yams per in. 
K 2 = filling cover factor 
N 2 - filling yarn number 

Maximum filling texture can also be ob¬ 
tained from Ref. 1. 

In addition to thus obtaining the require¬ 
ments for maximum weavable constructions, 
it is possible to find what percentage of 
maximum weavability any construction is; 
i.e., divide the actual filling cover factor by 
the theoretical filling cover factor. This per¬ 
centage may be expressed on the basis of 
either filling cover factor or filling texture. 

Also, given a particular construction, the 
textile designer can its practicality \ 

i.e., he can determine from the table whether 
or not it is weavable, without trial weavings. 

Given a particular construction, the fabric 
designer can, by using Table 1-3 determine 
whether it can be tightened to any extent. 

Finally, given certain filling parameters, 
such as yam size and texture, it is possible to 
project certain combinations of warp sizes 
and textures. 

1-6 EXAMPLES OF USE OF TABLES 

Since Tables 1-1 and 1-2 are incidental to 
the use of Table 1-3, they will not be 
discussed separately but as an integral part of 
the discussion of each problem presented in 
this paragraph. However, it may be well to 
provide some general information on the role 
of yarn bulk density before proceeding with 
specific examples. 

6 


Ideally, it would be desirable to know the 
exact yam bulk density of the yams going 
into the fabric, by means of microscopic or 
some other type of objective measurement 
rather than using the approximations of 
Tables 1-1 and 1-2. Where a given yam is used 
in many different constructions, it may be 
advisable to go through the mechanics of 
measuring the actual yarn density. It is 
recognized that measuring errors may in some 
instances be as large as estimating errors 
because of the difficulty in getting a realistic 
indication of yam diameter. However, it is 
important to be aware of differences, if they 
do exist, in the event that actual loom 
experience yields results that differ somewhat 
from the predictions of Table 1-3. 

Despite the advantages that may accrue 
from actual yarn density measurements, the 
busy designer will probably rely more on 
Tables 1-1 and 1-2 to obtain the necessary 
values for entering Table 1-3; the problems 
which follow will be based upon this assump¬ 
tion. 

1-6.1 DESIGN OF FABRICS MADE FROM 
ONE TYPE OF FIBER ONLY 

Problems of this type involve the design of 
a maximum weavable fabric that is made 
wholly from one type of fiber, such as Arnel 
or Orion. 

Given: fiber type, filling yarn number, 
warp yarn number, texture, and 
weave 

To find: number of picks for maximum 
weavable construction 

Problem: What are the maximum number 
of picks of filling yarn number 
19/1 (A ^2 19) cotton count 

Orion that can be woven into a 
poplin having 106 ends («i = 
106) of 40/2 (Ai = 20) Orion. 

Solution: 

Step 1, Determine the yarn bulk density 
of Orion from Table 1-1 it is 
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0.67 for a PF of 0.59 and 0.77 
for a PF of 0.67. 

Step 2. Compute warp cover factor Ky 
for the 106 ends of 40/2 yarn 
but first convert 40/2 to 20/1 
(cover factor computation is 
based upon singles equivalents) 
using Eq. 1-4 where Ky = riyI 
substituting: I06ly/in= 
23.702; or refer to page 94 of 
Ref. 1. 

Step 3. Compute Beta factor for yarns, 
using Eq. 1-6, /3 = y/~N\JN^ = 
>/ 20/19 = 1.026; or refer to 
page 138 of Ref. 1. 

Step 4. Determine maximum filling 
cover factor. Refer to Table 1-3 
for plain weave fabrics (poplin is 
a plain weave) and yarn bulk 
densities of 0.67 and 0.77. For 
0.67 the intersection of “Beta 
factor” (top column) of 1.0 
(closest value to 1.026) and row 
24 “warp cover factor Ky ” (far 
left) gives “maximum value of 
filling cover factor K 2 ” of 
12.1*. For 0.77 the same inter¬ 
section gives a “maximum value 
of filling cover factor F 2 ” of 
13.0. 

Step 5. Compute maximum filling tex¬ 
ture using Eq. 1-7: n 2 = K 2 
y/ N 2 , substituting: 12.1>/T9 = 
53 or 13.0 >/T9’ = 57; or refer 
to page 95 of Ref. 1 . 

As mentioned previously, although theoret¬ 
ically it would be more appropriate to use the 


’'‘If it is desired to obtain increased precision, interpolation 
may be used with the fractional Beta factor and the 
fractional cover factor obtained from the computations in 
Steps 2 and 3, respectively. In this particular problem, the 
interpolation would be of no value with respect to waip 
cover factor, since the equivalent filling cover factor is 
identical for warp cover factors of 23 and 24. Interpobtion 
for the Beta value of 1.026 would increase the maximum 
filling cover factor to 12.23 or 12.2 in three significant 
figures. Accordingly, it is suggested that interpolation be 
ignored for first approximations. 


yarn bulk density of 0.77 corresponding to a 
packing factor of 0.67, practical considera¬ 
tions based upon past experience indicate that 
for this fabric the results obtained from using 
a yarn bulk density of 0.67 corresponding to 
a packing factor of 0.59 would be more 
correct. Accordingly, all of the other illustra¬ 
tions in this paragraph will be based upon the 
packing factor of 0.59. In the longer float 
weaves (4- and 5-harness) it is sometimes 
possible to obtain slightly higher filling cover 
factors than would be indicated by the 
packing factor of 0.59. Experience provides a 
basis for making the slight adjustments that 
may be necessary in these cases. 


1-6.2 DESIGN OF FABRICS MADE FROM 
A BLEND OF TWO FIBERS 

This problem concerns the design of maxi¬ 
mum weavable fabrics made from an intimate 
blend of two fibers such as nylon and cotton 
or polyester and cotton. 

Given: fiber types, blend composition, 
filling yarn number, warp yarn 
number, warp texture, and 
weave 

To find: number of picks for maximum 
weavable construction 

Problem: How many picks/inch must be 
used in a fabric having 150 ends 
{fly = 150) of 36^ {Ny = 36) 
yarn to obtain maximum weav- 
ability. Solve for both 36* {N 2 = 
36) and 25* {N 2 = 25) filling 
yarns; and for plain and 3-har¬ 
ness weaves. Assume yams are 
blended and contain 25% of 
nylon and 75% of cotton. 

Solution: 

Step L Determine density of blended 
yarn from Table 1-2. Go down 
column one (headed “FIB. 
DEN. = 1.14,” i.e., fiber density 
of nylon) to row 25 (% of nylon 

7 


Digitized by LjOOQle 



AMCP 706-300 


in yarn). Move across row to 
value under column headed 1.54 
(density of cotton); this gives 
0.84. Thus, the yarn density of 
the blended yarn is 0.84. 

Step 2. Compute cover factor of warp, 
using Eq. 1-4. 

Ki =«,/v^= 150/^/36 = 25 
or refer to Ref. 1. 

Step 3. Compute Beta factor for both 
yarn combinations, using Eq. 
1 - 6 . 

=V^36736= 1 
= 1.2 
or refer to Ref. 1. 

Step 4. Refer to section of Table 1 -3 
covering plain weaves and yarn 
bulk density of 0.84 

a. For warp cover factor of 
25 and Beta of 1, the maxi¬ 
mum filling cover factor K 2 
is 13.5. 

b. For warp cover factor of 
25 and Beta of 1.2, the 
maximum filling cover factor 
K 2 is 14.7. 

Steps. Refer to section of Table 1-3 
covering 3-harness weaves and 
yarn bulk density of 0.84. 


Step 6. Compute maximum filling tex¬ 
ture (picks per inch) «2 from 
cover factor K 2 , using Eq. 1-7, 
«2 = K 2 \/ A^2 i or refer to Ref. 
1 . 


Values of «2 given in the following 
tabulation: 



Plain Weave 

3-Harness Weave 

36* 

n2 = 13.5 36 

«2 = n.O-y/^S" 


= 81 

= 102 

25* 

= 14.7^25 

«2 = 18.2 


= 74 

= 91 


Thus, for the plain weave, as we go to the 
coarser filling yarn (36" to 25") there are 
fewer picks that can be woven into the fabric 
for maximum weavability (81 vs 74). The 
same holds true for the 3-harness weave. We 
can weave 102 picks of the 36^ yarn, but only 
91 of the 25* yarn. 

However, in going from the plain weave to 
the 3-harness weave it takes more picks to fill 
the weave. Thus for the 36* yam we must 
increase the number of picks from 81 to 102; 
and for the 25* yarn we must increase the 
number of picks from 74 to 91. 


1-6.3 TO DETERMINE PERCENTAGE OF 
MAXIMUM WEAVABILITY 

Problem: 

(1) A Type III wind-resistant all¬ 
cotton Oxford has a specified 
texture of 136 by 46. If a 40/2 
warp yarn is available, what 
percent of maximum weavabil¬ 
ity will be obtained if we use a 
12/1 filling? 


a. For warp cover factor Ki of 
25 and Beta of 1, the maxi¬ 
mum filling cover factor K 2 
is 17.0. 

b. For warp cover factor of 
25 and Beta of 1.2, the 
maximum filling cover factor 
K 2 is 18.2. 


(2) If we use the same “size” warp 
and filling yarns, but made of a 
blend of 50% Dacron and 50% 
cotton, what will be the percent 
of maximum weavability? 
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Solution 1. For all’COtton fabric 

First convert 40/2 to 20/1 

Step 1. Determine yarn bulk density of 
cotton from Table 1-1 as 0.91. 

Step 2. Compute warp cover factor by 
using Eq. 1-4 or from Ref. 1; it 
is 30.4. 

Step 3. Compute filling cover factor by 
using Eq. 1 -5 or from Ref. 1; it 
is 13.3. 

Step 4. Compute Beta factor, using Eq. 
1-6 or from Ref. 1; it is 1.3. 

Step 5. Determine maximum possible 
filling cover factor from Table 
1-3 for Oxford weaves and yarn 
bulk densities of 0.91. This 
value is 15.9. 

Step 6. To obtain percent maximum 
weavability: 

Divide actual filling cover factor 
(13.3) by computed maximum 
filling cover factor (15.9) to 
obtain 83.6 as percent of maxi¬ 
mum weavability. 

Solution 2. For Dacron-cotton blend 

Step 1. Determine yarn bulk density of 
a 50% Dacron-50% cotton blend 
from Table 1-2 as 0.86. 

Step 2. Compute warp cover factor of 
30.4 as in Solution 1. 

Step 3. Compute filling cover factor of 
13.3 as in Solution 1. 

Step 4. Compute Beta factor of 1.3 as 
in Solution 1. 

Step 5. Determine maximum possible 
filling cover factor from Table 
1-3 for Oxford weaves and yarn 


bulk densities of 0.86. This 
value is 15.4. 

Step 6. To obtain percent maximum 
weavability: 

Divide actual filling cover factor 
(13.3) by computed maximum 
filling cover factor (15.4) to 
obtain 86.4 as percent of maxi¬ 
mum weavability. 

Thus, even though the cotton yarns and the 
Dacron/cotton blended yarns used in this 
example were both the same “size” in terms 
of yarn number (which is a measure of linear 
density), actually the blended yam has a 
larger diameter because of the lower density 
of the Dacron constituent. Thus, keeping yam 
numbers and textures constant, the blended 
yarns will produce a fabric with a higher 
percentage of maximum weavability. 

1-6.4 TO DETERMINE WEAVABILITY OR 
PRACTICALITY OF A GIVEN LOOM 
CONSTRUCTION 

Problem: Is a sateen fabric weavable if it 
has 129_ ends of 31/1 poly¬ 
propylene yarn in the warp and 
94 picks of 14/1 polypropylene 
yam in the filling? 

Solution: 

Step 1. Compute warp and filling cover 
factors: 23.2 and 25.1, respec¬ 
tively. 

Step 2. Compute Beta factor: 1.5. 

Step 3. Determine maximum' filling 
cover factor from section of 
Table 1-3 for 5-harness weaves 
and for polypropylene yarn 
bulk density of 0.54. This is 
19.0. 

Since the cover factor desired (25) is larger 
than the theoretical maximum (19), this 
fabric would not be weavable. It is interesting 
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to note that a fabric with the same construc¬ 
tion characteristics as this could be woven 
from cotton yams. Thus, it is erroneous to 
anticipate that the fiber composition of a 
fabric can always be changed without also 
changing the texture and/or the yarn sizes. 

1-7 BASIC ASSUMPTIONS AND LIMITA¬ 
TIONS OF THE TABLES 

Three assumptions were made in develop¬ 
ing the equations that led to the formulation 
of these tables: 

a. The yarn compression in a fabric woven 
to maximum tightness produces a change in 
the shape of the yam section but does not 
alter the fiber packing density. 

b. Complete flattening takes place in that 
half of the yam that is in contact with a 
neighboring yarn under a single float (see 
Appendix A). 


c. The packing factor of yarns made from 
all fibers and blends is 0.59. 

If yarns are numbered in systems other 
than the “cotton” system, they should be 
converted to the cotton system in order to 
use these tables. 

For all practical purposes, these assump¬ 
tions produce only minimal errors and thus 
the tables are suitable for first-order approxi¬ 
mations in fabric design. For designers who 
work with a few types of fibers or blends it 
might be useful to check the yarn bulk 
densities of the yarns they work with, since 
twist and other factors may alter the yarn 
bulk density values given in Tables 1-1 and 
1-2. If actual yam bulk density values are 
available, then the only important limitations 
on the validity of these tables and the 
equations from which they were derived are 
the first two assumptions (a and b) listed 
previously. 
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APPENDIX A* 

DERIVATION OF THE GENERAL MAXIMUM WEAVABILITY EQUATIONS 
FOR THE PLAIN, TWILL, AND SATEEN WEAVES FOR YARNS OF 
VARYING BULK DENSITIES 


*Originally published as: 

Material Examination Reports No. 8316 <9 Sep 1965) and No. 8320 (10 Mar 1966) by Louis I. Weiner, U.S. Army 
Natick Laboratories, Natick, Mass. 01760. 
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A-1 INTRODUCTION 

The steps leading to the derivation of the 
general maximum weavability equations are 
presented in five paragraphs of this Appendix 
titled as follows: 

A-2. Derivation of Kq (procedure of Ball, 
Ref. 1*) 

A-3. Derivation of the Maximum Weavabil¬ 
ity Equation for the Plain Weave 
(procedure of Peirce, Ref. 2) 

A-4. Derivation of the Equations for Local 
Spacing in Twills and Sateens 

A-5. Derivation of Ka (max) and Maxi¬ 
mum Weavability Equations for Other 
Weave Types (procedure of Love, 
Ref. 3) 

A-6. Derivation of the Generalized Maxi¬ 
mum Weavability Equations for all 
Fiber Species and Blends. 

A-2 DERIVATION OF/Co** 

It is customary for textile designers to 
express the “cover” of a woven textile fabric 
by means of a computed “cover factor” 
which is designated by the letter K is 
derived from fractional coverage. 


A-2.1 FRACTIONAL COVERAGE d/p 

The cover of a fabric can be expressed as 
“fractional coverage” which is the ratio of the 
area “covered” by yarns to the total area of 
the fabric. For a given fabric direction (warp 
or filling), fractional coverage may be visual¬ 


*References are listed following par. A-6. 

♦♦Throughout this paragraph the derivations are predicted on 
the assumption that cotton fiber has a density of 1,54 and 
that the yarn bulk density is 0.909 based upon a packing 
factor of 0.59. Exactly the same results would be obtained 
if the cotton fiber density of 1.35 were used with packing 
factor of 0.67, which would still yield a yam bulk density 
value of 0 . 909 , which is the important parameter used in 
these calculations. 


ized as the projected area divided by the total 
area as shown below: 



d - diameter of each yarn, in. 

p = in./yarn (this is called the “spacing” 
and includes a “space” and a “yarn 
diameter”) 

n = number of yarns/in. 

For 1 in.^ of fabric, the fractional coverage 
of either the warp or filling is: 

fractional coverage = 

n (number of yarns/in.) x d (in.) x 1 in. 

TinT 

_ nd x\ 

1 

numerical ] = (number of yarns/in.) 
fractional > x (diameter of each yarn in in.) 
coverage I = nd 

Obviously, 


yarns/in. = —;-, or n = — 

in./yarn p 


therefore 


(A-1) 



(A-2) 
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The conventional expression for 
fractional coverage is — wliich is (A-3) 
dimensionless. 


Because of the difficulties encountered in 
measuring the diameter of yams it has be¬ 
come customary for textile technologists to 
use yarn number A*, which is easily calcula¬ 
ble, in expressions where yarn diameter d is 
normally required. 

A-2.2 COVER FACTOR K 


Yarn diameter d varies as the reciprocal of 
the square root of yarn number N for the 
indirect system (which is the system used 
almost exclusively in this country for staple 
yarns). Thus 


d cx 


_1_ 

y/W 


(A-4) 


K = 


n 

\/W 


(A-8) 


The maximum value of K (designated as 
K^J ) is obtained when djp = 1, in other words 
when the projected area of the yams in the 
fabric equals the total area. However, as will 
be seen later in the derivation of the equa¬ 
tions for maximum weavability, when com¬ 
pression of the yarns under the float takes 
place in tightly woven structures, it is possible 
to get values of K exceeding Kq . The develop¬ 
ment of the maximum weavability equations 
is based on values of K which exceed Kq . The 
larger value is designated as Kq (max). At this 
stage of our development, however, Ko can be 
considered to be the maximum practical cover 
factor and much valuable design and develop¬ 
ment work is done utilizing Kq as a threshold 
value against which a computed K may be 
compared. 

A-2.3 YARN DIAMETERS 


therefore 


1 

d y/7T 

— a _I_ 

P P 
From Eq. A-1 

p =— where n = yarns/in. 
n 

therefore 


fractional coverage = 


Cn 

y/TT 


(A-5) 


(A-6) 


The value of Ko will vary depending upon 
the specific volume or density of the yarns for 
which it is used. Therefore, it is necessary to 
derive the relationship between diameter d 
and yarn number as a basis of computing a 
range of Kq values. An assumption that has 
been made in working with this relationship is 
that cotton yarns have a specific volume of 
1.1. If this assumption is accepted, then 
values of Kq for a wide variety of fiber types 
and blends may be computed, if the packing 
factor or packing coefficient for yams made 
from these fibers is considered as identical to 
that of cotton yarn. More will be said about 
this later. 


where C is the constant of proportionality, 
fractional coverage 


and 


n 

y/W 


(A-7) 


The ratio on the left in Eq. A-7 is designated 
as cover factor or K, and thus: 


= number of 840-yard hanks per lb oi =- 

840w 


where 1 is yd and w is lb 


The relationship between diameter and 
yarn number may be deduced as follows: 

Consider a textile yarn as an incompressible 
cylinder of length 9. and diameter d 
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Ttd^ g 

IV = 1.0189 c/2 SiDe 

(A-14) 

The volume of this cyhnder = —— (A-9) 


c/2 - 

(A-15) 

TT c/2 

1.0189 gDc? 

The weight of the cylinder =--(A-10) 

/ ^ 

d - /■rTTTmm — 

(A-16) 

where De is density of yarn 

y 1.0189 SLDe 


In the metric system the weight JV in grams 
of yarn would be 


W = 


n (/^ S. De 
4 


(A-11) 


where C has units of cm and Dc has units 
of g/cm^. 


Divide top and bottom of fraction by W 


1 


1.0189 (g/h/) De 


(A-17) 


By definition, in the cotton numbering 
system where C is in yd, IV in Ib, and N = yarn 
number 


Keeping De in the metric system, which is 
conventional, but converting IV, g, and d to lb, 
yd, and in., respectively, which are conven¬ 
tional for textile yarns, the following results: 

^ _ TT (cm^) (cm) De 
® 4 


8/11^ = 

840 A 

(A-18) 

il = 

/ i 

(A-19) 

(4 

V 

^840 X 1.0189 

d = 

/O.OO 11684 
' N De 

(A-20) 


g = 0.785 (eni^) (cm) Dc 

Using the dimensional conversion factors 


0.0342 

y/WUe 


(A-21) 


lb X 454.6 =g 
in.2 X (2.54)2 = 


A-2.4 RELATIONSHIP BETWEEN /C AND 

d/p 


yd X 36 X 2.54 = cm 
we obtain 

lb X 454.6 = 0.785 (in.^ x 2.54^) 
X (yd X 36 X 2.54) De 


(A-I2) 


1V = - 


0.785 X 2.54^ x3bxd^ ^ De 
454.6 


-,1b (A-13) 


= in.2 


g = yd 


De - g/cm^ 


If we find the general relationship between 
K and djp, then can be determined as the 
value of K when djp = 1, in other words, 
when the fractional coverage is unity or the 
projected area of the yarns equals the total 
fabric area. 

Recall from Eq. A-8 that 


A = 


u 

yfN' 


and from Eq. A-1 that 


1 


// =— 


P 
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therefore 


K = 


P 


and 


^ KyfW 

From Eq. A-21 


(A-22) 


(A-23) 


design as practiced today for cotton fabrics is 
based upon Peirce’s selection of 0.909 as the 
bulk density De of cotton yarn (0.909 is the 
reciprocal of the specific volume value of 
1 . 1 ). 

¥or cotton then 


Ko = 29.2 ^^[909’= 27.8 (A-29) 

Some workers round this figure off to 28.0. 


0.0342 

y/N~De 

therefore 

0.0342 
^ ^ y/wm 
~P 1 

K y/W 


A-2.6 PACKING FACTOR PF 

It is convenient to relate the density of 
cotton yarn to the density of cotton fiber. 
This relationship, expressed as a ratio, is 
termed the packing coefficient or packing 
factor. 


(A-24) 


^ De (yarn) 
De (fiber) 


(A-30) 


thus 


For cotton 


0.0342 K 
p \fDe 


(A-25) 


PF = - 


0.909 

1.54 


0.59 


(A-31) 


A-2.5 CALCULATION OF 

By definition when djp = 1 

K = KoOT^ = ^ (A-26) 

1 Kq 


It has become conventional for designers 
working with fibers other than cotton to 
assume that the packing factor of yarns made 
from these other fibers is constant at 0.59. 
With this assumption it becomes simple to 
compute the densities of yarns, made from a 
wide variety of fibers, using Eq. A-30. 


therefore 

(A-27) 


29.2 y/De (A-28) 

Thus for any yarn, regardless of fiber 
composition or structure, if we know the yarn 
density (bulk density) we can compute Kq, 
i.e., the “maximum” cover factor correspond¬ 
ing to djp = 1. The problem of determining 
yarn density is a difficult one and much fabric 


1 = 


0.0342 Kq 
\J De 


yj De 

Ko =— - or Ko 

° 0.0342 


De (yarn) = PF xDe (fiber) (A-32) 

= 0.59 xDc (fiber) (A-33) 


Substituting this relationship in Eq. A-28, 
the following equations are obtained: 


Ko = 29.2 V De (yarn) 

(A-34) 

Ko = 29.2 y/TC~x be (fiber) 

(A-35) 

Ko = 29.2 (fiber) 

(A-36) 

Ko = 22.4 V De (fiber) 

(A-37) 
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Kq values for some typical fiber species are 
given in the following tabulation. 


Fiber 

Density of 
fiber 

\f De (fiber) 

Ko 

Nylon 

1.14 

1.067 

24.0 

Wool 

1.32 

1.149 

25.8 

Dacron 

1.37 

1.170 

26.3 

Cotton 

1.54 

1.241 

27.8 

Glass 

2.54 

1.594 

35.8 


A-3 DERIVATION OF THE MAXIMUM 
WEAVABILITY EQUATION FOR THE 
PLAIN WEAVE 


In order to reduce the number of variables 
required in the solution of the geometry of 
the plain weave, Peirce introduced the param¬ 
eter D which is the sum of the diameters of 
the warp and filling yarns. Thus 

D = d,+d2 (A-38) 

where subscripts 1 and 2 apply to warp and 
filling, respectively. Other symbols used by 
Peirce are: 

h = maximum displacement of yarn axis 
measured normal to the cloth as fol¬ 
lows; 


C = length of yarn in a unit cell 


6 = angle between yarn axis and plane of 
cloth p, n, and d are as used previously 
in this handbook. 

In tight fabric constructions the yarn sys¬ 
tems are considered to be jammed. When the 
warp yam is jammed, for example, there is no 
straight portion in the warp yarn and a line 
joining the centers of the filling yarns is 
perpendicular to the warp yarn axis at the 
point of intersection. When this condition 
prevails, as shown hereafter, both the filling 
yarn spacing P 2 and the filling yarn displace¬ 
ment h 2 are functions of the angle 6 between 
the warp yam axis and the plane of the 
cloth*. 


I 



Figure A-1. Construction for Filling Yarn 
Spacing 

P 2 is the spacing of the filling yarns and 
thus is equal to the distance AB between the 
vertical lines in Fig. A-1 

D is the sum of the diameters of the warp 
and filling yarns, which is the length of the 
diagonal line AC in Fig. A-1 

From the geometry of the triangle y45C: 




CEr^EF^INE 
OF FABRIC 


sm u =-= — 

AC D 

(A-39) 

and P 2 - ^ sin B 

(A^O) 


*No yam compression is assumed in these preliminary deriva¬ 
tions. 


16 


Digitized by LjOOQle 




AMCP 706-300 


A-3.1 FOR FILLING YARN DISPLACE¬ 
MENT 

h 2 is the displacement of the filling yarns, 
which is the distance BC in Fig. A-2. 

D is the sum of the diameters AC in Fig. 
A-2. 


I 



Figure A-2. Construction for Filling Yarn 
Displacement 

From the geometry of the triangle ABC in 
Fig. A-2: 


cos d 


AC 


hi 

D 


and h 2 = D cos 6 

It can also be shown 
configuration 


(A-41) 

(A42) 
that for any yam 


hi+h2=D (A43) 

The proof follows. 



+ 0 . 5/?2 - fg ef 
0,5hi 0 . 5/22 - ab + be 

hi + h 2 = ab + be + ef + fg 


ab = r| (radius of warp yarn) 
be = 1*2 (radius of filling yarn) 
ef = r2 

fg = ri 

/?! + / Z 2 = '*1 + ''2 + '*1 + '*2 

/2i + /i2 = 2(ri + ^2) = c/i + c?2 =D 

therefore hi + h 2 -D 

Summarizing: When the warp is jammed, 
then from Eq. A-42 

h 2 =DcosBi (A-44a) 

and when the filling yam is jammed, it can be 
shown in an analogous fashion that 


hi = D cos $2 

(A-44b) 

Since 


hi + /22 = £) 

(A45) 

then 


D cos 01 + Z) cos 62 = D 

(A46) 

and 


cos 01 + cos 02 = 1 

(A-47) 

Since 


cos^ 0 + sin^ 0 = 1 

(A^8) 

cos 01 = -^/l — sin^ 01 

(A-49) 

and 


cos 02 = \/1 — sin^ 02 

(A-50) 

Therefore 


1 - sin^ di + y/\ - sin^ 02 = 1 

(A-51) 


Recall from Eq. A-40 that 
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P 2 =/) sin 
therefore 


sin 0 



(A-52) 


Analogously, since = Z) sin @2 


sin O 2 


D 


(A-53) 


therefore 



-(-g) = 1 (A-54) 


Eq. A-54 is the basis of the widely used 
equations for maximum weavable fabrics. To 
make it more generally applicable to the 
design problems of the textile engineer, it has 
been customary to introduce the cover factor 
K into the relationship and also to use the 
Beta factor j3 instead of D. 


Beta j3 is defined as the ratio of the filling 
yarn diameter d 2 to the warp yam diameter 
. It is also numerically equal to the ratio of 
the square root of the warp yam number Aj 
to the square root of the filling yarn number 
^2 > for the indirect yam numbering system. 
Thus 




d2 

— and d 2 - & di 

di 


(A-55) 


or 





(A-56) 


Since D = di +d 2 , it follows from Eq. A-55 
that 


D = d^ +pdi =di (1 +^) 

also 


= — + do - - 


(A-57) 


(A-58) 
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Therefore 


El 

D dii\+P) 

P 2 ^ P 2 P 
D d2{\+ P) 

Recall from Eq. A-26 that 
P^ Ko 


(A-59) 

(A-60) 

(A-61) 


Also from Eq. A-29 for yarns numbered in 
the cotton system and having a bulk density 
of 0.909 (the value selected by Peirce) 


Ko = 27.8 


(A-62) 


then 


d _ K p ^ 21,S 

p~21.S d F" 


(A-63) 


Thus, substituting cf 1 from Eq. A-57 into Eq. 
A-63 


Pi __ 27.8 

and d 2 from Eq. A-58 

P 2 _ 27.8)3 

D 

Therefore, from Eq. A-54 



(A-64) 


(A-65) 


(A-66) 


This is the equation for the plain weave, 
from which the supplementary equations for 
the twill and sateen weaves have been derived. 
Before going into the derivation of these 
other equations it might be well to review 
briefly the manner in which Eq. A-66 is used. 
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Observe that there are variables Ki, K 2 , and 
j3. These three are not completely indepen¬ 
dent The warp yarn number is a compo¬ 
nent of Ki ; the filling yam number N 2 is a 
component of K 2 and the ratio of these two 
yarn numbers determines j3. For a given p and 
Ki, however, it is possible to obtain the 
corresponding K 2 required to make the fabric 
a maximum weavable construction and con¬ 
versely for a given j3 and K 2 , it is possible to 
obtain the corresponding Ki required to 
make a maximum weavable construction. In 
Ref. 4, this equation was solved for a wide 
range of cover factors K and Beta factors 
For example, on page 149 of Ref. 4 it may be 
observed that for a fabric having a warp cover 
factor of 20 and a Beta factor of 1.4, the 
maximum possible filling cover factor K 2 is 
16.6. 

From the practical point of view, the 
textile designer would tentatively select a 
warp texture n and a warp yarn number N to 
obtain the warp cover factor. Then for a given 
filling yam number, which would provide the 
Beta (3, he would obtain the maximum possi¬ 
ble filling cover factor and, finally, for the 
given filling yarn number he would find from 
the tables in Ref. 4 the maximum number of 
filling yarns n that could be woven into the 
given structure. Depending upon which con¬ 
structional factors are known, a spectrum of 
the unknowns in the design of the plain weave 
fabric can thus be obtained. 

A-4 DERIVATION OF THE EQUATIONS 
FOR LOCAL SPACING IN TWILLS 
AND SATEENS 

Peirce did not extend his geometry of 
jammed plain weave fabrics to other weave 
types. This was done by Love in 1955 (Ref. 
3). Two additional assumptions must be made 
regarding the geometry of the yarns in long 
float weaves, such as the twills and the 
sateens, before a model can be formulated 
from analysis. The first assumption is that the 
yams under a long float move toward each 
other under the stress of weaving until they 
touch. The second assumption goes beyond 
the touch stage and postulates that complete 


flattening takes place in that half of the yam 
which contacts a neighboring yam under the 
float, i.e., that the original semicircle of the 
yarn half section becomes a rectangle after 
compression; and that this compression does 
not alter the fiber packing density (packing 
factor). Actual observation of yams in many 
tight constructions confirms the fact that 
these assumptions have a valid basis. 

In this paragraph two equations are derived 
which provide solutions for local spacing p in 
terms of weave factor M, average spacing Pa 
and either original average yarn diameter do a 
which pertains to the situation where the 
yarns move toward and touch each other but 
are not compressed (designated as Aspect I) 
or M, Pa, doa \ and compressed average yam 
diameter dca wliich pertains to the situation 
where compression of the yarns takes place in 
that half of the yam which contacts a 
neighboring yarn under the float (designated 
as Aspect II). 

The following terms are defined: 

number of yarns 

. ^ ^ per repeat of weave 

M - weave factor =- 1 - 

number of interlacings 

per repeat of weave 

p = local spacing = distance between yam 
centers of warp or filling at interlac¬ 
ings 

Pa = average spacing = numerical average of 
“local spacings” and spacing at points 
of no interlacing 

doa = original average lateral diameter = 
numerical average of the yarn diam¬ 
eters assuming no compression has 
taken place (Aspect I) 

do = original lateral diameter = same value 
as doa for an individual yam 

dca = compressed average lateral diameter = 
numerical average of the compressed 
and uncompressed lateral diameters of 
the yams (Aspect II) 
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dc = compressed lateral diameter = lateral 

diameter of compressed yarn only 


5-harness: Pai - 


2pi + 3cfoi 


1 = subscript 1 - as i, doa i, etc. - 

indicates warp yarn 

A-4.1 ASPECT I 

First examine the situation of Aspect 1 
where the yams under the floats are assumed 
to be in contact but not compressed. This can 
be illustrated diagramatically as in Fig. A-3 
for a 3-, 4-, and 5-harness weave. 


Solving each of the preceding equations for 
Pi we obtain: 

3- harness: 3pai -2pi 

Pi =(3/2)p,i -{\l2)doi 

4- harness: Apai = 2pi + 2do\ 

Pi =m)Pai -{212) do I 



(A) 3-HARNESS (B) 4-HARNESS 

M=1.5 M = 2.0 


CP 



5-harness: Spai = 2pi + 3doi 

Pi = (5/2) Pa, - (3/2) do I 

Note that for all of these simple weaves the 
number of interlacings is two and the number 
of yams per repeat is equal to the number of 
harnesses of the weave. Thus, the weave 
factor is numerically equal to half the number 
of harnesses. In the preceding equations the 
coefficient of is always equal to the 
number of harnesses divided by the number 
of interlacings -which is the weave factor M. 
Likewise, the coefficient of do i is equal to 
the weave factor less one oiM — 1. 


(C) 5-HARNESS 
M = 2.5 


Thus for uncompressed yams 


Figure A-3. Warp Yarn Arrangement in Twit! 
Weaves (No Compression) 


Pi -{M- \)doi 


As shown in Fig. A-3, Pi is the local 
spacing, which is defined as the distance 
between centers of the warp yarns (for this 
case) at the interlacing, and doi is the 
uncompressed diameter of the warp yarn. In 
Fig. A-3 doi also represents the spacing at 
points of no interlacing under the floats. 

Now the average warp spacing Pai for each 
of the three weaves is: 

3- harness: Pa i = ^ 

4- harness: Pa i = —- ^ ^ 

4 


Since for uncompressed yams do i = doai 
then 

Pi -^Pai - {^ - ^)doai Aspect I (A-67) 

A-4.2 ASPECT II 

Now examine Aspect II in which compres¬ 
sion takes place in the warp yarns under the 
float. Recall that compression occurs in that 
half of the yam which contacts a neighboring 
yarn under the float. For the three weaves 
this may be represented as shown in Fig. A-4. 
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-I'lcKlf- 

© 



(A) 3-HARNESS 


1 floor 

© 



dru) 


i*“ Pi r — Pi—*! 


(B) 4-HARNESS 


The average spacing Pa i for each of the 
three weaves is: 

3-harness: 

_ 2pi + 3dcai ~ 

" 3 


I -00 I 

© 


© 


i©~ ^*^c*‘<oo-ri 

©nns 

p.—! !— I 

(C) 5-HARNESS 


Figure A4. Warp Yarn Arrangement in Twill 
Weaves (Compressed Situation) 

The average compressed and average yam 
diameter d^a i and the compressed yarn diam¬ 
eter dc 1 for the three weaves are 

3- harness: dcai = 

^dcQi —'l.dQQi "^dcY 

dc\ 3dca 1 ~ ^oa 1 

4- harness: dcai = 

4 

^dcai ““ '^dQQY 

j _ 1 ~ ^oa 1 

-2- 

r u J ^oa 1 “*■ ^dc 1 

5- harness: dca\ =—^ 

^dca 1 “ ^dpg 2 + 3c?^ I 
_ Sdca 1 — 2dQg I 


4-harness: p^i 

4 



5-harness: Pai 


2pi -^Sdci 

5 


2p, + 3 

5 

Solving each of the preceding equations for 
Pi we obtain; 

3- harness: 3p„,.= 2p, +3rfeai -2doai 

Pi =012) Pa I -012) deal 
+ <ioal 

~OI2)(Pai —dcai)+doai 

4- harness: 4/7„, = 2p, +4c?„i - 2doai 

Pl=OI2)Pai - Oil) deal 

dgal 

= (4/2) (Pai -dcai) + doai 

5- harness: Spai = 2pi + Sdcai - Idoai 

Pi =012) Pal -{512) deal 
doal 

= (5/2)(Pa, -deai) + doai 
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Here, the coefficient oi {pai - dcai) = M 
for each of the weaves. Thus for compressed 
yarns 

Pi ^iPai ^coi ) ^oa\ Aspect II (A”68) 

A-5 DERIVATION OF {max) AND MAX¬ 
IMUM WEAVABILITY EQUATIONS 
FOR OTHER WEAVE TYPES 

A-5.1 DEVELOPMENT OF RELATIONSHIP 
BETWEEN flTea ANDflf^^ 

Eq. A-68 provides a means of determining 
the local spacing p in the warp and filling 
directions for twill and sateen fabrics in which 
the assumed movement and compression of 
the yams under the float takes place. This 
provides the numerator of the ratio pjD 
which is the essential expression in the formu¬ 
lation of the equation for maximum weavabil- 
ity. Now we must find the appropriate value 
of D (sum of diameters of warp and filling 
yarns) which will take into consideration the 
assumed yam movement and compression. It 
is understood that compression takes place 
only in the plane of the fabric and that 
accordingly the vertical dimension of the yam 
(that direction perpendicular to the plane of 
the fabric) does not change during compres¬ 
sion. In addition, fiber packing density does 
not change. 

We can now visualize the dimensional 
arrangement (Fig. A-5) of the yams in situa¬ 
tions where there are 2, 3, and 4 yams under 
the float — representing 3-, 4-, and 5-hamess 
weaves—and can compute the average com¬ 
pressed diameter dca of the yarns. 

We assumed that complete flattening takes 
place in the half of the yam which contacts a 
neighboring yarn under the float and that the 
original semicircle of the yam half section 
became a rectangle after compression. Since 
the vertical dimension of this compressed half 
section does not change from the original 
uncompressed yam, all of the compression 
must take place in the horizontal direction. 
But since the fiber packing density remains 
constant, the area of the compressed half 





Float 


section must equal that of the uncompressed 
half section. This means that the product of 
the compressed horizontal dimension (width) 
multiplied by the uncompressed vertical 
dimension (height) must equal the area of the 
uncompressed semi-circular yam section, i.e.. 


~ 


= d X (compressed width) 


(A-69) 


compressed width = 

8 


(A-70) 


compressed width = 0.3927 d 

(of half-section) (A-71) 


2 compressed widths = 0.7854 d 
(full-section) (A-7 2) 

In the situation shown in Fig. A-5(A)forM 
= 1.5 (where three yams constitute a repeat 
of weave), the original (before compression) 
lateral diameter of the three yams in the 
repeat is 

dx3 = 3d (A-73) 
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After compression has taken place the lateral ^ _ 0.0342 K 

diameters of the three yarns in the repeat is p \/iye 




d + d + 0J9d = 2.19d 


(A-74) Since for cotton De = 0.909, then 


The compressed average lateral diameter dca 
is then 


— = 0.0359 K 
P 


(A-78) 


d 


ca 


2,19 d 
3 


(A-75) 


Or putting this in terms of the standard 
symbols 

dca = 0.93 doa UoxM = 1.5, (A-76) 

Fig. A-5(A)] 

By following the same reasoning we find 
that the relationships between dca and doa 
for the weaves with M = 2.0 and M = 2.5 are: 


dca = 0.89 doa 


[for4f = 2.0. 
Fig. A-5(B)] 


or 


d _ K 
~p " 27.8 

and 


(A-79) 


K-^ 

P 


(A-80) 


The maximum cover factor or Ka {max) 
will occur when adjacent yarns are in contact. 
When this situation prevails the average spac- 
mg Pa equals the average compressed diam¬ 
eters OT 


dca = 0.87 doa 


[for = 2.5, 
Fig. A-5(C)] 


Pa ~~ ^ca 
therefore 


(A-81) 


A-5.2 COMPUTATION OF (max) AND , 

MAXIMUM WEAVABILITY EQUA- Ka {max) = • (A-82) 

TIONS 


Since the average compressed lateral diam¬ 
eters of the yams are less than the average 
original lateral diameters of the yarns, it is 
obvious that more compressed yarns can be 
squeezed into the same space than would be 
predicted from the value of Ko which was 
previously computed, since Ko represents the 
maximum cover factor for yarns assumed to 
be completely cylindrical. Therefore, in deal¬ 
ing with the 3-, 4-, and 5-harness weaves 
where migration and compression of the yarns 
under the float take place, it is necessary to 
develop a new Ko to take into consideration 
the additional number of yarns it is possible 
to squeeze into the structure. This new Ko is 
designated as Ka {max). 

Recall from Eq. A-25 that 


And since from Eq. A-76 forM = 1.5 
dca = 0,93 doa (A-83) 

we have 

Ka {max) = = 29.9 (A-84) 

0.93 doa 

The factor 28.0 has been used in the past in 
lieu of 27.8. In this case for 28.0 we have 

Ka {max) = = 30.2 (A-85) 

0.93 doa 

Now express doa ^ terms of D using Eqs. 
A-55 to A-58. 
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^ ^oa\*'^^oa2 

^oa 2 


P = 


*oa 1 


(A-86) 


^ *” ^oai '^^oaiP 
therefore 

D = doa I (1+/3) (A-87) 

Since from Eq. A-76 dca i = 0.93 doa i (A-88) 


doa 1 ^ .08 dcQ j 

therefore 

D = \Mdcai (1 +/3) 
and using Eq. A-68 for local spacing 
Pi = M{pa\ — dcai)"^ doa\ 
we obtain 

Pi __ ^{Pai ~ deal) doa i 


D 


1.08 dcaiil-^P) 


(A-89) 


(A-90) 


(A-91) 


(A-92) 


From Eq. A-80, using the value 28.0, we 


get 


Kai = 


2S doa 1 _ 30.2 dca I 


Pal 


Pal 


and 


Pa 1 


30.2 dca 1 


Kai 


(A-93) 


(A-94) 


therefore, using Eq. A-92 and substituting M 
= 1.5 


J 30.2 \ 

1.5^ ^ —deal) "^doai 


1 . 0 S dca I a+fi) 


(A-95) 


/30.2 \ 

1.5 deal ~ ^ ^ 


Pi 


D l.OSdcai (1 +P) 


(A-96) 


Now make the substitution for doa i from 
Eq. A-89 


El 

D 


(30.2 \ 

1.5 deal deal 

\.OS deal (1+/3) 


(30.2 \ 

D 1.08 (1+/3) 

Recall from Eq. A-55 that 


(A-97) 


(A-98) 


^ = ^ or doa, (A-99) 

doa 1 P 


and since 

^ “ doa 1 doa2 
therefore 


r., _ ^oa2 , J 

D = —— + do 


D = 


do a 2 ^ do a2 P 


D = 


doa 2 (1 +13) 

P 


(A-lOO) 


(A-101) 


(A-102) 


(A-103) 


*Subscripts 1 and 2 refer to warp and filling, respectively. 


From Eq. A-89 doa 2 = 108 dca 2 (A-104) 


therefore, using Eq. A-103 
\.0Sdca2 (1 +P) 

D = —(foriW= 1.5) (A-105) 


From Eq. A-68 for local spacing 
P2=M{pa2-dcal)*doa2 (A-106) 
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therefore, dividing by Eq. A-105 


P 2 _ ^ ip a 2 ^ca 2 ) "^ a 2 

D ~ j- l.OSrfcaz (1 +/3) j 
and 

Pt ^ iM{pa2 -dca2) + doa2lP 
D 1.08dca2 (1+/3) 

From Eq. A-94 

30.2 dca 2 


Pa2 


therefore 


Ka2 


(A-I07)* 


(A-108)* 


(A-109)* 




D 


\mdca2 (1 +^) (A-110)* 


El 

D 


r.08dca2 (1 +/3) 


(A-111)* 


Now make the substitution forrfoaj from 
Eq. A-104 



^rw/30.2 

\ 1 

M/(-— 1 

] + 1.08 

1 — 

(O 


1.08(1 +/5) 


= 1 


This is the specific maximum weavability 
equation of a 3-hamess weave for cotton 
fabrics numbered in the cotton system and 
using a Kg of 28.0. 

A-6 DERIVATION OF THE GENERAL¬ 
IZED MAXIMUM WEAVABILITY 
EQUATIONS FOR ALL FIBER SPE¬ 
CIES AND BLENDS 


We shall now derive the general equation 
for a 3-hamess weave made from any type of 
fiber but also numbered in the cotton system. 


Recall from Eq. A-77 that 
£ ^ 0.0342 K 
p \/~De 


(A-116) 


where De is the bulk density of the yam 
and 


£ K 

p 29.2 yOJF 


(A-117) 




D 


30.2 \ 1 

—- 1+1.08 

- L \Aa, / 


1.08dafl2 (1 +/3) 

P 


D 1.08(1+j3) 

Since from Eq. A-54 


(A-112)* 


(A-113)* 


/. /PA * / /PiX ^ 

J^\d) ^ J^~w) (A-114)* 


We have 


1 - 


rv30.2 

\ "1 


) + 1.08 

1 ' Afli 


1.08(1+/?) J 


(A-115)* 


*M- 1,5 for Eqs. A-107 to A-115. 


Thus, recalling Eq. A-79, whenever we use 
the factors 27.8 or 28.0 in the derivation of 
Eq, A-115, we may now substitute 29.2 yfUe 


For example, for the 3-hamess weave, Eq. 
A-85 

29.2 VTJi" doa 
Ka {max) = - ^ 


0.93 doa 

(A-118) 

= 31.4 v/TF 

Thus, the general equation for the 3-har- 
ness weave is 
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For the 4-harness weave {M = 2.0) 

deal (A-120) 


and 


and 

doai = 1.15 (A-126) 

For the general case of the 5-harness weave 
— employing the previous mathematical tech¬ 
niques — we use 


doai^\^\2dcai (A-121) 

Using Eq. A-93 

_ l^doai _ 28 X 1.12^cfll 
Kax -—------ 

Pal Pal 

^ 31.4 d(;Q j 

Pal (A-122) 

For the general case of the 4-hamess weave, 
we use 

_ 29.2 y/ De X lAldcai 


32.7 “y/ Dc deal 

~^i (A-123) 


_29.2yP^(\.\5)dcai 

Ka 1 -- 

Pal 

_ 33.6 yJUe deal 

" ~^1 (A-127) 

Thus the general equation for the 5-hamess 
weave is 



For the Oxford weave the warp portion of 
And the general equation for the 4-hamess equation is identical to that for the 

weave is 4-harness weave (Af = 2.0) and the filling 

portion of the equation is identical to that for 



= 1 


(A-124) 


For the 5-harness weave (M = 2.5) 

deal =0.81 doa I (A-125) 


These general equations are now in practi¬ 
cally the same form as the original equations 
for cotton which were derived in Ref. 3, and 
solved and tabled in Ref. 4. One new variable 
appears, namely, De the bulk density of the 
yarn. In the tabulations that appear in Ref. 4, 
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one table is required to encompass the solu¬ 
tions of the maximum weavability equation 
for each weave type, or a total of five tables 
are necessary for the five basic weave types: 
the plain, 3-hamess, 4-harness, 5-harness, and 


Oxford. To establish a series of tables of 
solutions for the new general equations, it will 
be necessary to have a group of five tables 
(representing the five weaves) for each of the 
yarn bulk densities that are selected. 
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TABLE 1-1 

BULK DENSITIES OF YARNS, COMPUTED FROM FIBER DENSITIES 


AMCP 706-300 


This table lists the fiber densities of the natural and man-made fibers in use today. 
Corresponding to each fiber density, the yam bulk density of a theoretical yam spun from tliis 
fiber is given, assuming that the packing factors (coefficients) PF of the yam are 0.59 or 0.67. 
The range of densities includes libers as light as polypropylene and as heavy as stainless steel. The 
additional fiber densities provide for the development of fibers that differ in density from 
existing fiber species. 
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TABLE 1-1 

BULK DENSITIES OF YARNS, COMPUTED FROM FIBER DENSITIES 
(Listed in order of fiber density) 
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Fiber Designation 


Fiber Density Def, g/cm^ 


Yarn Bulk Density Dey, g/cm^ 
PF = 0.59 PF = 0.67 


Polypropylene 

0.91 

0.54 

0.61 

Polyethylene (Low Density) 

0.92 

0.54 

0.62 

Polyethylene (High Density) 

0.95 

0.56 

0.64 


0.98 

0.58 

0.66 


1.10 

0.65 

0.74 


1.12 

0.66 

0.7 C 

Nylon 

1.14 

0.67 

0.77 

Orion 

1.14 

0.67 

0.77 


1.15 

0.68 

0.77 

Acrilan 

1.17 

0.69 

0.79 

Creslan 

1.18 

0.70 

0.79 

Nytril 

1.18 

0.70 

0.79 

Zefran 

1.19 

0.70 

0.80 


1.20 

0.71 

0.81 

Kodel 

1.22 

0.72 

0.82 


1.24 

0.73 

0.83 

Silk (Boiled-off) 

1.25 

0.74 

0.84 

Azion 

1.25 

0.74 

0.84 

Vinal 

1.26 

0.74 

0.85 


1.27 

0.75 

0.85 


1.29 

0.76 

0.87 

Dynel 

1.30 

0.77 

0.87 

Arne! 

1.30 

0.77 

0.87 

Ardil 

1.30 

0.77 

0.87 

Wool 

1.32 

0.78 

0.89 

Mohair 

1.32 

0.78 

0.89 

Acetate 

1.32 

0.78 

0.89 


1.34 

0.79 

0.90 

VInyon 

1.35 

0.80 

0.91 

Vycron 

1.36 

0.80 

0.92 

Verel 

1.37 

0.81 

0.92 

Dacron 

1.38 

0.81 

0.93 

Fortrel 

1.38 

0.81 

0.93 


1.39 

0.82 

0.94 


1.41 

0.83 

0.95 


1.42 

0.84 

0.96 


1.44 

0.85 

0.97 


1.46 

0.86 

0.98 

Hemp 

1.48 

0.87 

1.00 

Jute 

1.48 

0.87 

1.00 


1.49 

0.88 

1.00 

Avril 

1.50 

0.89 

1.01 

Flax (Linen) 

1.50 

0.89 

1.01 

Ramie 

1.51 

0.89 

1.02 


31 


Digitized by LjOOQle 



AMCP 706300 


TABLE 1-1 (Cont'd) 

BULK DENSITIES OF YARNS, COMPUTED FROM FIBER DENSITIES 

(Listed In order of fiber density) 


Yarn Bulk Density DCy, g/cm^ 

Fiber Density Fiber Density Def, g/crn^ PF = 0.59 PF - 0.67 


Zantrel 

1.51 

0.89 

1.02 

Viscose Rayon 

1.52 

0.90 

1.02 

Cuprammonium 

1.52 

0.90 

1.02 

Fortisan 

1.52 

0.90 

1.02 

Cotton 

1.54(1.35) 

0.91 

(0.91) 


1.56 

0.92 

1.05 


1.58 

0.93 

1.06 


1.59 

0.94 

1.07 

Saran 

1.70 

1.00 

1.14 

Alginate 

1.70 

1.00 

1.14 

Teflon 

2.30 

1.36 

1.55 

Asbestos 

2.50 

1.48 

1.68 

Fiberglas 

2.54 

1.50 

1.71 


3.00 

1.77 

2.02 


4.00 

2.36 

2.69 


5.00 

2.95 

3.37 


6.00 

3.54 

4.04 


7.00 

4.13 

4.71 

Stainless Steel 

7.80 

4.60 

5.25 
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TABLE 1-2 

YARN BULK DENSITIES OF BLENDS OF THE 
IMPORTANT COMMERCIAL FIBERS 

Fiber Density Def, g/cm^ Fiber Designation 


1.14 

Nylon, Orion 

1.17 

Acrilan 

1.22 

Kodel 

1.30 

Dynel, Arnel 

1.32 

Wool, Mohair, Acetate 

1.35 

Vinyon 

1.38 

Dacron, Fortrel 

1.52 

Viscose Rayon, Cuprammonium, 
Fortisan 

1.54 

Cotton 


The fiber density of one of the component fibers is given at the top of the first column, with 
the percentage of that fiber (from 0% to 100%) given below it. 

The headings of the following eight columns give the fiber densities of the other component 
fibers, and the values in the body of the table are yam bulk densities Dey . 

For example: Given a blend of 25% nylon, 75% cotton. Turn to page of table with “FIB. DEN. 
= 1.14” above first column (fiber density of nylon is 1.14). Drop down to 25 in this column (the 
percentage of nylon in the blend). Go across this row (25) to the column headed 1.54 (this is the 
fiber density of cotton). This will give the bulk density of‘a blend of 25% nylon and 75% cotton 
as 0.84, 
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(FlB.DEN.s 1.14) 

1.17 

1.22 

1.30 

1.32 

1.35 

1.38 

1.52 

1.54 

PER CENT 




PACKING 

FACTOR = 

0.59 



0 

0.69 

0.72 

0.77 

0.78 

0.80 

0.81 

0.90 

0.91 

5 

0.69 

0.72 

0.76 

0.77 

0.79 

0.81 

0.88 

0.89 

10 

0.69 

0.71 

0.76 

0.77 

0.78 

0.80 

0.87 

0.88 

15 

0.69 

0.71 

0.75 

0.76 

0.78 

0.79 

0.85 

0.86 

20 

0.69 

0.71 

0.75 

0.75 

0.77 

0.78 

0.84 

0.85 

25 

0.69 

0.71 

0.74 

0.75 

0.76 

0.77 

0.83 

0.84 

30 

0.68 

0.70 

0.74 

0.74 

0.75 

0.77 

0.82 

0.82 

35 

0.68 

0.70 

0.73 

0.74 

0.75 

0.76 

0.80 

0.81 

40 

0.68 

0.70 

0.73 

0.73 

0.74 

0.75 

0.79 

0.80 

45 

0.68 

0.70 

0.72 

0.73 

0.74 

0.74 

0.78 

0.78 

50 

0.68 

0.70 

0.72 

0.72 

0.73 

0.74 

0.77 

0.77 

55 

0.63 

0.69 

0.71 

0.72 

0.72 

0.73 

0.76 

0.76 

60 

0.68 

0.69 

0.71 

0.71 

0.72 

0.72 

0.75 

0.75 

65 

0.68 

0.69 

0.70 

0.71 

0.71 

0.72 

0.74 

0.74 

70 

0.68 

0.69 

0.70 

0.7U 

0.71 

0.71 

0.73 

0.73 

75 

0.68 

0.68 

0.69 

0.70 

0.70 

0.70 

0.72 

0.72 

8C 

0.68 

0.68 

0.69 

0.69 

0.69 

0.70 

0.71 

0.71 

85 

0.68 

0.68 

0.69 

0.69 

0.69 

0.69 

0.70 

0.70 

90 

0.67 

0.68 

0.68 

0.68 

0.68 

0.68 

0.69 

0.69 

95 

0.67 

0.67 

0.68 

0.68 

0.68 

0.68 

0.68 

0.68 

100 

0.67 

0.67 

0.67 

0.67 

0.67 

0.67 

0.67 

0.67 

PER CENT 




PACKING 

FACTOR = 

0.67 



0 

0.79 

0.82 

0.87 

0.89 

0.91 

0.93 

1.02 

1.04 

5 

0.79 

0.62 

0.87 

0.88 

0.90 

0.92 

i.oi 

1.02 

10 

0.79 

0.82 

0.86 

0.87 

0.89 

0.91 

0.99 

1.00 

15 

0.78 

0.81 

0.86 

0.87 

0.88 

0.90 

0.97 

0.98 

20 

0.78 

0.81 

0.85 

0.86 

0.88 

0.89 

0.96 

0.97 

25 

0.78 

0.81 

0.85 

0.85 

0.87 

0.88 

0.94 

0.95 

30 

0.78 

0.80 

0.84 

0.85 

0.86 

0.87 

0.93 

0.94 

35 

0.78 

0.80 

0.83 

0.84 

0.85 

0.87 

0.92 

0.92 

40 

0.78 

0.80 

0.83 

0.84 

0.85 

0.86 

0.90 

0.91 

45 

0.78 

0.8U 

0.82 

0.83 

0.84 

0.85 

0.89 

0.90 

50 

0.78 

0.79 

0.82 

0.82 

0.83 

0.84 

0.88 

0.88 

55 

0.78 

0.79 

0.81 

0.82 

0.82 

0.83 

0.86 

0.87 

60 

0.78 

0.79 

0.81 

0.81 

0.82 

0.82 

0.85 

0.86 

65 

0.77 

0.79 

0.80 

0.81 

0.81 

0.82 

0.84 

0.84 

70 

0.77 

0.78 

0.80 

0.80 

0.8U 

0.81 

0.83 

0.83 

75 

0.77 

0.78 

0.70 

0.79 

0.80 

0.80 

0.82 

0.82 

80 

0.77 

0.78 

0.79 

0.79 

0.79 

0.79 

0.81 

0.81 

85 

0.77 

0.77 

0.78 

0.78 

0.79 

0.79 

0.80 

0.80 

90 

0.77 

0.77 

0.78 

0.78 

0.78 

0.78 

0.79 

0.79 

95 

0.77 

0.77 

0.77 

0.77 

0.77 

0.77 

0.78 

0.78 

100 

0.77 

0.77 

0.77 

0.77 

0.77 

0.77 

0.77 

0.77 
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.nFN.= 1,17) 

U14 

1.22 

1.30 

1.32 

1.35 

1,38 

1.52 

1.54 

PFR CFNT 




PACKING 

FACTOR = 

0.59 



0 

0.67 

0.72 

0.77 

0.78 

0.80 

O.Sl 

U.90 

0.91 

5 

0.67 

0.72 

0.76 

0,77 

0,79 

0,81 

0.88 

0.89 

10 

0.67 

0.72 

0.76 

0,77 

0.78 

0.80 

0.87 

0.88 

15 

0.68 

0.72 

0.75 

0,76 

0,78 

0,79 

0.86 

0.87 

20 

0.68 

0.71 

0.75 

0.76 

0.77 

0.79 

0.85 

0.85 

25 

0.68 

0.71 

0.75 

0.75 

0.77 

0.78 

0.83 

0.84 

30 

0.68 

0.71 

0.74 

0.75 

0,76 

0.77 

0.82 

0.83 

35 

0.68 

0.71 

0.74 

0,75 

0,76 

0.77 

0.81 

0.82 

40 

0.68 

0,71 

0.73 

0,74 

0.75 

0,76 

0.80 

0.81 

45 

0.68 

0.71 

0.73 

0,74 

0,74 

0,75 

0,79 

0.80 

50 

0.68 

0.70 

0.73 

0.73 

0.74 

0.75 

0.78 

0.78 

55 

0.68 

0.7U 

0.72 

0.73 

0.73 

0.74 

0.77 

0.77 

60 

0.68 

0.70 

0.72 

0.72 

0.73 

0.74 

0.76 

0.76 

65 

0.68 

0.70 

0,72 

0.72 

0.72' 

0.73 

0,75 

0.75 

70 

0.68 

0.70 

0.71 

0.71 

0,72 

0.72 

0,74 

0.74 

75 

0.69 

U.70 

0,71 

0,71 

0,71 

0.72 

0,73 

0.73 

80 

0.69 

0.70 

0.70 

0,71 

0,71 

0,71 

0,72 

0,73 

85 

0.69 

0.69 

0,70 

0.7O 

0.70 

0.71 

0,71 

0.72 

90 

0.69 

0.69 

0.70 

0,70 

0,70 

0.70 

0,71 

0.71 

95 

0.69 

0.69 

0,59 

0.69 

0.69 

0,7U 

0,70 

0.70 

100 

0.69 

0.69 

0,59 

0.69 

0,59 

0.69 

0,69 

0.69 

PFR CFNT 




PACKING 

FACTOR = 

0.67 



0 

0.77 

0.82 

0.87 

0,89 

0,91 

0.93 

1.02 

1.04 

5 

0.77 

0,82 

0.87 

0,88 

0.90 

0,92 

1,01 

1.02 

10 

0.77 

0,82 

0.87 

0,88 

0,39 

U,91 

0.99 

1.00 

15 

0.77 

0,82 

0.86 

0,87 

0,89 

0,90 

0.98 

0.99 

20 

0.77 

0,81 

0,86 

0,87 

0,38 

0.90 

0,97 

0.97 

25 

0.77 

0.81 

0,05 

0.86 

0,87 

0,99 

0,95 

0.96 

30 

0.77 

0,81 

0.85 

0.86 

0,87 

0.88 

0.94 

0.95 

35 

0.77 

0.81 

0,84 

0.85 

0.36 

0,87 

u,93 

0.93 

40 

0.78 

0.81 

0.84 

0,85 

0.86 

0.87 

0.91 

0.92 

45 

0.78 

0.81 

0,8 3 

0.84 

0.85 

0.86 

0.90 

0.91 

50 

0.78 

0.00 

0.83 

0.93 

0 , §4 

0,85 

0,89 

0.89 

55 

0.78 

0.8 0 

0,82 

u,83 

0,84 

0.85 

0,88 

0.88 

60 

0.78 

0,80 

0.82 

0.82 

0.83 

0,84 

0.87 

0,87 

65 

0.78 

0,80 

0.82 

0.92 

0,83 

0.33 

0,86 

0.86 

70 

0.78 

0,80 

0,81 

0.82 

0.82 

0,83 

0.85 

0.85 

75 

0.78 

0.80 

0.81 

0,81 

0,81 

0.82 

0.84 

0.84 

80 

0.78 

0,79 

0,80 

0,81 

0,31 

0.81 

0,83 

0.83 

85 

0.78 

0.79 

0.8C 

0,80 

0,80 

0,81 

0,82 

0.82 

90 

0.79 

0.79 

0,80 

0,8 0 

O.SC' 

0,80 

0.81 

0,81 

95 

0.79 

0,79 

0,79 

0, "^9 

0,79 

0,79 

0,80 

0.80 

100 

0.79 

0.79 

0,79 

0.7^ 

0.79 

0.79 

0,79 

0.79 
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<FIB«DEN.= 1.22) 

1.14 

1.17 

1.30 

1.32 

1.35 

1.38 

1.52 

1.54 

PER CFNT 




PACKING 

FACTOR = 

0,59 



0 

0.67 

0.69 

0.77 

0.78 

0.80 

0.81 

0.90 

0.91 

5 

0.67 

0.69 

0,76 

0.78 

0.79 

0.81 

0.89 

0.90 

10 

0.68 

0,69 

0,76 

0.77 

0.79 

0.80 

0.88 

0.89 

15 

0.68 

0 .6Q 

0,76 

0.77 

0.78 

0,80 

0.86 

0.87 

20 

0.58 

0.70 

0.76 

0.77 

0.78 

0.79 

0,85 

0.86 

25 

0.68 

0,70 

0.75 

0.76 

0.78 

0.79 

0,84 

0.85 

30 

0.69 

0,70 

0.75 

0.76 

0.77 

0.78 

0.84 

0.84 

35 

0.69 

0,70 

0.75 

0.76 

0.77 

0.78 

0.83 

0.83 

4C 

0.69 

0,70 

0.75 

0.75 

0.76 

0.77 

0.82 

0.82 

45 

0.69 

0,70 

0.75 

^.75 

C . 76 

0.77 

0.81 

0.81 

50 

0.70 

0,70 

0,74 

0.75 

0.76 

0.76 

0,80 

0.80 

55 

0.70 

0,71 

0.74 

3.75 

C.75 

0.76 

0,79 

0.79 

60 

0.70 

0.71 

0,74 

0,74 

0,75 

0,75 

0,78 

0.79 

65 

0.70 

0.71 

0,74 

0.74 

0.74 

0,75 

0.77 

0.78 

70 

0.70 

0.71 

0.73 

0,74 

0,74 

0.75 

0.77 

0.77 

75 

0.71 

0.71 

0.73 

0.73 

0.74 

0.74 

0,76 

0.76 

80 

0.71 

0.71 

0.73 

0.73 

0.73 

0.74 

0.75 

0.75 

85 

0.71 

0,72 

0,73 

0,73 

0.73 

0.73 

0,74 

0.74 

90 

0.7] 

0,72 

0,72 

0,73 

0.73 

0.73 

0,73 

0.74 

95 

0.72 

0.72 

0.72 

0,72 

0.72 

0,72 

0.73 

0.73 

100 

0.72 

0,72 

0.72 

0.72 

0.72 

0.72 

0.72 

0.72 

PER CFNT 




PACKING 

FACTOR = 

0.67 



0 

0.77 

0.79 

0.87 

0.89 

0.91 

0.93 

1 .02 

1.04 

5 

0.77 

0.79 

0.87 

0.88 

0.90 

0,92 

1.01 

1.02 

10 

0.77 

0.79 

0,87 

0,88 

U.90 

0,92 

1.00 

1.01 

15 

0.77 

0.79 

0,87 

U , 88 

0.8 9 

0.91 

0,99 

1.00 

20 

0.78 

0,79 

0.86 

0,87 

0,89 

0.91 

0.98 

0.98 

25 

0.78 

0 , BO 

u, 36 

0,87 

0,88 

0.90 

0,96 

0.97 

30 

0.78 

0,80 

0,36 

0,87 

0,88 

0,89 

0,95 

0.96 

35 

0.79 

0.30 

0.36 

0,36 

0.88 

0.89 

0.94 

0.95 

40 

0.79 

0,30 

0.35 

0,86 

0.87 

0.88 

0.93 

0.94 

45 

0.79 

0 . B'-' 

1 .35 

u. 86 

0,87 

0.88 

0.92 

0.93 

50 

0.79 

O.30 

- .85 

3.85 

0,86 

0.87 

0.91 

0.92 

55 

0.80 

o.si 

0,84 

0,85 

0.86 

0.87 

0.90 

0.91 

60 

0.80 

0.81 

0.84 

u,85 

0.85 

0.86 

0,89 

0.90 

65 

0.80 

0.91 

C.84 

C.84 

0,85 

0.86 

0.88 

0.89 

70 

0.80 

0,31 

0,84 

0.84 

0,85 

0,85 

0.87 

0.88 

75 

0.31 

0,31 

0.33 

0.94 

0.84 

0.85 

0.86 

0.87 

80 

0 . SI 

u, Q 1 

0.8 3 

0.83 

C , 64 

0.84 

0.85 

0.86 

65 

O.Bl 

0.32 

-.33 

0,83 

0,83 

s. .8^ 

0,85 

0.85 

90 

0.92 

0,97 

.93 

0,83 

0,83 

0,83 

0.84 

0.84 

95 

0.82 

0,32 

u,82 

Ci, 8 2 

0,83 

0.83 

0.83 

0.83 

100 

0.32 

0.82 

0.82 

0.82 

0.82 

0.82 

0.82 

0.82 
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(FIR.r)CN.= 1 , 30 ) 1,14 

PER CENT 

0 0.67 

5 0.68 

10 0.68 

15 0.69 

20 0.69 

25 0.69 

30 0,70 

35 0.7U 

40 0.71 

45 0.71 

50 0,72 

55 0.72 

60 0.73 

65 0.73 

70 0.74 

75 0.74 

80 0 . 7 ^^ 

85 0.7=^ 

90 0.76 

95 0.^6 

100 0.77 

PER CENT 

0 0.77 

5 0,77 

10 0.78 

15 0.78 

20 0.79 

25 .0.79 

30 0,80 

35 0,8J 

40 0.81 

45 0.81 

50 0,82 

55 0.82 

60 0.S3 

65 0.83 

70 0.84 

75 0.85 

80 0.85 

85 0.86 

90 0,86 

95 0.87 

lOO 0.37 


1.17 

1.22 

1,32 



PACKING 

0.69 

0,72 

0.78 

U.69 

0.72 

0.78 

0.70 

0.72 

0,78 

U.7U 

0,7? 

0.78 

0.70 

0.73 

0,78 

0,71 

0.7? 

0.78 

0,71 

0.73 

0.78 

0,72 

0,74 

0,77 

0,72 

0,74 

0,77 

0,72 

0. fi, 

U.77 

U. 7 3 

0. /4 

u. 77 

0,7 3 

0.75 

^'.7 7 

0,7? 

0,75 

0.77 

V , "76 

0.75 

j. *’7 

t ,74 

0,75 

u.7 7 

0,7'' 

0,75 

0.77 

0,75 

0.76 

0.77 

0,75 

0,76 

0,77 

0.7b 

0.76 

0.7 7 

0.^6 

0,76 


0,77 

0.7 7 

0.7 7 


PACKING 


0,79 

0.82 

0.89 

0.79 

0.82 

0,89 

0,80 

0,8 3 

^.89 

0.80 

0,83 

0.89 

O.SO 

0.83 

0.89 

0.81 

0.8 3 

0.8 8 

0,81 

0,84 

0,88 

0.82 

0.84 

0,88 

0,8 2 

0 . 

0.88 

J.rf 2 

0.84 

0.8 8 

0.83 

. .85 

J . 88 

(',83 

. 5 

u . 88 

.£4 

/ ^ c. 

♦ c . 

..88 

0,64 

0.86 

0.88 

0 , 8 

0,36 

0.88 

".85 

. .86 

0.8 8 

0,86 

0 . :• 6 

u . 88 

0.86 

0.8 7 

^ .88 

< .3 ’ 

:. -.7 

^.88 

0 . 5 / 

:. 5 7 

0.6 8 

0,3 7 

0.8 7 

J .37 


1.35 

1.38 

1.52 

FACTOR = 

0.59 


0.80 

0,81 

0.90 

0.79 

0.81 

0.89 

0.79 

0,81 

0.88 

0,79 

0,81 

0.87 

0,79 

0,80 

0.87 

0,79 

0.80 

0.86 

0,79 

0.80 

0.85 

0.79 

0,80 

0,85 

0.78 

0.79 

0.84 

0,78 

0,79 

0.83 

0.78 

0,79 

0.83 

0.78 

0,79 

0,82 

0. 

0.79 

0,81 

u. 78 

u .78 

0.81 

0,78 

0.78 

0,80 

0,77 

0,78 

0.80 

0.77 

0,78 

0,79 

0.77 

0,77 

0,78 

0 . /7 

0.77 

0,78 

0 , ’7 

0.77 

0,77 

0.~7 

0,77 

0.77 

FACTOR = 

0.67 


0.91 

0.93 

1.02 

0,91 

0.93 

1.01 

0.91 

0.92 

1.01 

0.90 

0.92 

1.00 

0.90 

0.92 

0,99 

0.0 0 

0,91 

0,98 

0.90 

0,91 

0,97 

0.90 

0.91 

0,97 

0.89 

0,91 

0.96 

0.89 

0.90 

0.95 

0.69 

C,90 

0.94 

0.89 

G . 9 J 

U • 94 

0.89 

O.QQ 

u,93 

0.89 

0.89 

0,92 

0.88 

0.89 

0,91 

0.88 

0,89 

0.91 

0.88 

0.89 

0.90 

0 .88 

0.88 

0.89 

C ,68 

0.88 

0.89 

0.58 

0.88 

0.88 

0.37 

0.87 

0,87 


38 


1.54 


0.91 

0.90 

0.89 

0.88 

0.88 

0.87 

0.86 

0.85 

0.85 

0.84 

0.83 

0.82 

0.82 

0.81 

0.80 

0.80 

0.79 

0.79 

0.78 

0.77 

0.77 


1,04 

1.03 

1.02 

1.01 

1.00 

0.99 

0,98 

0.97 

0.97 

0.96 

0.95 

0.94 

0.93 

0.93 

0.92 

0.91 

0.90 

0.90 

0.89 

0.88 

0.87 
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.DEN.=: 1.32) 

1.14 

1.17 

1.22 

1.30 

1.35 

1.38 

1.52 

1.54 

PFR CFNT 




PACKING 

FACTOR = 

0.59 



0 

0.67 

0.69 

0.72 

0.77 

0,80 

0,81 

0.90 

0.91 

5 

0.68 

0.69 

0.72 

0.77 

0.80 

0,81 

0,89 

0.90 

10 

0.68 

U,70 

0,73 

J.77 

0,79 

0.81 

0.88 

0.89 

15 

0.69 

u,70 

0.73 

0.77 

0.79 

0.81 

0.88 

0.89 

20 

0.69 

0.71 

0.73 

0.77 

0.79 

0.81 

0.87 

0.86 

25 

0.7J 

0.71 

0.73 

0.77 

0-. 79 

0.81 

0.86 

0.87 

30 

0.70 

0.71 

0.74 

0.77 

0.79 

0,80 

0.86 

0.87 

35 

0.71 

0.72 

0.74 

0.77 

0,79 

0,80 

0.85 

0.86 

40 

0.71 

0.72 

0.74 

0.77 

0,79 

0,80 

0,85 

0.85 

45 

0.72 

0.73 

0.75 

0.77 

0,79 

0,80 

0.84 

0.85 

50 

0.72 

0.73 

0.75 

0.77 

0.79 

0.80 

0.83 

0.84 

55 

0.73 

>-'•74 

0.75 

0.77 

0.79 

0,79 

0.83 

0.83 

60 

0.73 

0.74 

0.75 

0.77 

0 . 79 

0,79 

0.82 

0.83 

65 

0.74 

0.75 

0.76 

0.77 

0.78 

0.79 

0.82 

0.82 

70 

0.74 

0,75 

0.76 

0,78 

0,78 

0.79 

0.81 

0.81 

75 

0.75 

0.75 

0.76 

0.78 

0.78 

0.79 

0,81 

0.81 

80 

0.75 

0.76 

0.77 

J.78 

3.78 

0,79 

0.80 

0.80 

85 

0.76 

0,76 

0.77 

0,78 

0.78 

0.78 

0.79 

0.80 

90 

0.77 

0.77 

0.77 

0.78 

0 .78 

0.78 

0.79 

0.79 

95 

0.77 

0.77 

0.78 

0.78 

0.78 

0.78 

0.78 

0.78 

100 

0.78 

0,78 

0 . 78 

0.78 

0.78 

0.78 

0.78 

0.78 

PFR CFNT 




PACKING 

FACTOR = 

0,67 



0 

0.77 

0,79 

0.82 

0.87 

0.91 

0.93 

1.02 

1.04 

5 

0.77 

0,79 

0.82 

0.88 

0,91 

0,93 

1.02 

1.03 

10 

0.78 

0.80 

0.83 

0.88 

0,91 

0.92 

l.Ul 

1.02 

15 

0.78 

0.80 

0.83 

0.88 

0.91 

0.92 

1,00 

1.01 

20 

0.79 

0.81 

0.83 

0.88 

O', 90 

0,92 

0.99 

1,00 

25 

0.79 

0,81 

0.84 

0.88 

0.90 

0.92 

0.99 

0.99 

30 

C.80 

0,82 

0.84 

0,88 

0,90 

0,92 

u,98 

0.99 

35 

0.81 

0,82 

: .84 

0,88 

0,90 

S..91 

0,97 

0.98 

40 

0.81 

0.82 

0.85 

0,88 

0,90 

0,91 

0.96 

0.97 

45 

0.82 

0,83 

0.95 

0.88 

0.90 

0.91 

0.96 

0.96 

50 

0.82 

0.83 

0.85 

0,88 

0.90 

0.91 

0.95 

0,96 

55 

0.83 

".84 

<">.86 

0,88 

0,90 

0,91 

0,94 

0.95 

60 

0.84 

0.85 

0.86 

0,88 

0,90 

0.90 

0,94 

0.94 

65 

0.84 

0.85 

: .86 

0.88 

0,90 

0,90 

0,93 

0.94 

70 

0.85 

0.86 

0.87 

u. 8 8 

0.89 

0,90 

0,92 

0.93 

75 

0.85 

0.86 

0.87 

0.8 8 

0.89 

0.90 

0.92 

0.92 

80 

0.86 

0.87 

0,87 

0,89 

0.89 

0.90 

0,91 

0.91 

85 

0.87 

0,87 

0,88 

0.89 

0,89 

0.89 

0.91 

0.91 

90 

0.87 

0.88 

0,88 

0,89 

0,89 

0,89 

0.90 

0.90 

95 

0.88 

0.88 

0.88 

0,89 

0,89 

0,89 

0,89 

0.89 

100 

0.89 

0,89 

0.89 

0.89 

0.89 

0.89 

0.89 

0.89 
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(FIR.DEN*= 1*35) 1.14 

PER CENT 

0 0.67 

5 0*68 

10 0.68 

15 0.69 

20 0.69 

25 0.70 

30 0.71 

35 0.71 

40 0.72 

45 0.72 

50 0.73 

55 0.74 

60 0.74 

65 0.75 

70 0.75 

75 0.76 

80 0.77 

85 0.78 

90 0.78 

95 0.79 

100 0.80 

PFP CFMT 

0 0.77 

5 0.77 

10 0.78 

15 0.79 

20 0.79 

25 0.80 

30 0.80 

35 0.81 

40 0.82 

45 0.82 

50 0.83 

55 0.84 

60 0.85 

65 0.85 

70 0,86 

75 0.87 

80 0.88 

85 0.88 

90 0.89 

95 0.90 

100 0,91 


1.17 

1.22 

1.30 



PACKING 

0.69 

0.72 

0.77 

0.69 

0.72 

0,77 

0,70 

0.73 

0.77 

0,70 

0.73 

0.77 

0,71 

0,73 

0.77 

0,71 

0.74 

0.77 

‘>.72 

0,74 

0.78 

0.72 

0.74 

0.78 

0.73 

0.75 

0.78 

0.73 

0.75 

0.78 

0,74 

0.76 

0,78 

0,74 

0.76 

0,78 

0,75 

0,76 

0.78 

0,76 

0.77 

0.79 

0,76 

0.77 

0,79 

0,77 

0.78 

0,79 

0.77 

0.78 

0.79 

0.78 

0.78 

C..79 

0.78 

0.79 

0,79 

0.79 

0,79 

.0,79 

0.80 

0.80 

0,80 


PACKING 


0,79 

0,82 

u,87 

0,79 

0.83 

0.88 

O.80 

0.83 

0.88 

0,80 

0,83 

.'.88 

0.81 

0,84 

0.88 

C’. 81 

0.84 

0.88 

0,82 

0.85 

0,88 

0.83 

0,85 

0,89 

0,83 

0.85 

0.89 

0,84 

0.86 

0,89 

0,84 

0.86 

0.89 

0.85 

(.‘.87 

0.89 

0.86 

0,87 

0.89 

0,86 

0,88 

0.90 

0.87 

0.88 

0,90 

0.87 

0.88 

0,90 

0,88 

0.89 

0.90 

0.89 

0.89 

0.90 

0,89 

C.90 

0.91 

0,90 

0.90 

0.91 

0.91 

0,91 

0.91 


1.32 

1.38 

1.52 

FACTOR = 

0,59 


0.78 

0.81 

0.90 

0.78 

0.81 

.0.89 

0,78 

0,81 

0.89 

0.78 

0.81 

0.88 

0.78 

0.81 

0.87 

0.78 

0.81 

0.87 

0.78 

0.81 

0.86 

0,78 

0.81 

0.86 

0.79 

0,81 

0.85 

0,79 

0.81 

0.85 

0.79 

0.81 

0.84 

0,79 

0.80 

0.84 

0.79 

0.80 

0.83 

0.79 

0,80 

0.83 

0.79 

0.80 

0.82 

0.79 

0.80 

0.82 

0,79 

0.80 

0.81 

0.79 

0.80 

0.81 

0.79 

0.80 

0.81 

0,80 

0.80 

0,80 

0,80 

0,80 

0.80 

FACTOR = 

0.67 


0.89 

0.93 

1.02 

0,89 

0.93 

1.02 

0,89 

0.93 

1.01 

0.89 

0.93 

1.00 

0.89 

0.92 

1.00 

0,89 

0,92 

0.99 

0.89 

0,92 

0.99 

0.90 

0,92 

0.98 

0,90 

0.92 

0.97 

0.90 

0,92 

0.97 

0,90 

0.92 

0.96 

0.90 

0.92 

0,96 

0.90 

0.92 

0,95 

0.90 

0.92 

0.95 

0.90 

0.91 

0.94 

0.90 

0.91 

0.93 

0.90 

0.91 

0,93 

0.91 

0.91 

0,92 

0.91 

0.91 

0.92 

0.91 

0.91 

0.91 

0,91 

0.91 

0.91 


40 


1.54 


0.91 

0.90 

0.90 

0.89 

0.88 

0.88 

0.87 

0.87 

0.86 

0.85 

0.85 

0.84 

0.84 

0.83 

0.83 

0*82 

0.82 

0.81 

0.81 

0.80 

0.80 


1.04 

1.03 

1.02 

1.01 

1.01 

1.00 

0.99 

0.99 

0.98 

0.97 

0.97 

0.96 

0.96 

0.95 

0.94 

0.94 

0.93 

0.93 

0.92 

0.91 

0.91 
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i#DFN.= 1*38) 

1.14 

1.17 

1#22 

1.30 

1#32 

1.35 

1.52 

1.54 

PFR CFNT 




PACKING 

FACTOR = 

0.59 



0 

0.67 

0.69 

0.72 

0.77 

0.78 

0.80 

0.90 

0.91 

5 

0.68 

0.70 

0,72 

0.77 

0.78 

0.80 

0.89 

0.90 

10 

0.68 

0,70 

0.73 

0.77 

0.78 

0,80 

0.89 

0.90 

15 

0.69 

0.71 

0.73 

0,77 

0.78 

0.80 

0.88 

0.89 

20 

0.70 

0.71 

0.74 

U.78 

0,79 

0.80 

0.88 

0.89 

25 

0.70 

0.72 

0.74 

0 , 78 - 

0,79 

0.80 

0.87 

0.88 

30 

0.71 

0,72 

0.75 

0.78 

0.79 

0.80 

0.87 

0.88 

35 

0.72 

0.73 

0.75 

0.78 

0.79 

0.80 

0.87 

0.87 

AO 

0.72 

0,74 

0.75 

0.79 

0.79 

0.80 

0.86 

0.87 

A5 

0.73 

0.74 

0.76 

; i.79 

0.79 

0.80 

0.86 

0.86 

50 

0.74 

0.75 

0.76 

J.79 

0.80 

0.81 

0.85 

0.86 

55 

0.74 

0,75 

0.77 

0.79 

0.00 

0.81 

0.85 

0.85 

60 

0.75 

0,76 

0.77 

0.79 

0.80 

0.81 

0.85 

0.85 

65 

0.76 

0.77 

0,78 

0.80 

0.80 

0.81 

0.84 

0.84 

70 

0.77 

0.77 

0.78 

0.80 

0.80 

0.81 

0.84 

0.84 

75 

0.77 

0.78 

0.79 

0.80 

0.81 

0.81 

0.83 

0.84 

80 

0.78 

0.79 

0.79 

0.80 

0.81 

0.81 

0.83 

0.83 

85 

0.79 

0.79 

0.80 

0.81 

o.bl 

0.81 

0.83 

0.83 

90 

0.80 

0.80 

0.80 

0.81 

0.81 

0.81 

0.82 

0.82 

95 

0.81 

0,81 

0.81 

0.81 

0.81 

0.81 

0.82 

0.82 

100 

0.81 

0.81 

0,81 

0.81 

0.61 

0.81 

0.81 

0.81 

PFR CFNT 




PACKING 

FACTOR = 

0.67 



C 

0.77 

0.79 

0.82 

0.87 

0.89 

0.91 

1.02 

1.04 

5 

0.77 

0.79 

0.83 

0.88 

0.89 

0.91 

1.02 

1.03 

10 

0 . 7:8 

0,80 

0.83 

0.88 

0.89 

0.91 

1.01 

1.02 

15 

0.79 

0,81 

0.84 

0.88 

0.89 

0.91 

1.01 

1.02 

20 

0.79 

0.81 

0.84 

0.89 

0.90 

0.91 

1.00 

1.01 

25 

0.80 

0.82 

0.85 

0.89 

0,90 

0.91 

1.00 

1.01 

30 

0.81 

0.83 

0.85 

0.89 

0,90 

0.91 

0.99 

1.00 

35 

0.82 

0.83 

0.86 

0.89 

0.90 

0.92 

0.99 

1.00 

40 

0.82 

0.84 

0.86 

0.90 

0.90 

0.92 

0.98 

0.99 

45 

0.83 

0.85 

0.87 

<’.90 

0.91 

0.92 

0.98 

0.99 

50 

0.84 

0.85 

0.87 

V..9U 

0.91 

0.92 

0.97 

0.98 

55 

0.85 

0.86 

0,88 

0.90 

0.91 

0.92 

0.97 

0.97 

60 

0.86 

0.87 

0.88 

0.91 

0.91 

0.92 

0.96 

0.97 

65 

0.87 

0.8 7 

0.89 

U.91 

0.91 

0.92 

U.96 

0.96 

70 

0.87 

0.88 

0.89 

0.91 

0.92 

0.92 

0.96 

0.96 

75 

0.88 

0.89 

0.90 

0.91 

0.92 

0.92 

0.95 

0.95 

80 

0.89 

0.90 

0.91 

0.92 

0.92 

0.92 

0.95 

0.95 

85 

0.90 

0.90 

0.91 

0.92 

0.92 

0.93 

0.94 

0.94 

90 

0.91 

0.91 

0.92 

0.92 

0.92 

0.93 

0.94 

0.94 

95 

0.92 

0.92 

0.92 

0.93 

0.93 

0.93 

0.93 

0.93 

IOC 

0.93 

0,93 

0.93 

0.93 

0.9 3 

0.93 

0.93 

0.93 
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i . D [: N .= 1 . 52 ) 

1.14 

1.17 

1.22 

1.30 

1.32 

1.35 

1.38 

1.54 

PFR CFNT 




PACKING 

FACTOR - 

0.59 



0 

0.67 

0.69 

0.72 

0.77 

0.78 

0.80 

0.81 

0.91 

5 

0.68 

0.70 

0.73 

0.77 

0.78 

0.80 

0.82 

0.91 

10 

0.69 

0.71 

0.73 

0.78 

0.79 

0.81 

0.82 

0.91 

15 

0.70 

0.71 

0.74 

0.78 

0.79 

0.81 

0.83 

0.91 

20 

0.71 

0.72 

0.75 

0.79 

0.80 

0.81 

0.83 

0.91 

25 

0.72 

0.73 

0.76 

0.80 

0.81 

0.82 

0.83 

0.91 

30 

0.73 

0.74 

0.77 

J .80 

0.81 

0.82 

0.84 

0.91 

35 

0.74 

0.75 

0.77 

J .81 

0.82 

0.83 

0.84 

0.90 

40 

0.75 

0.76 

0.78 

U .81 

0.62 

0.83 

0.85 

0.90 

45 

0.76 

0.77 

0.79 

J .82 

0.83 

0.84 

0.85 

0.90 

50 

0.77 

0.78 

0.80 

J .83 

0.83 

0.84 

0.85 

0.90 

55 

0.78 

0.79 

0.81 

0.83 

0.84 

0.85 

0.86 

0.90 

60 

0.79 

0.80 

0.82 

0.84 

0.85 

0.85 

0.86 

0.90 

65 

0.80 

0.81 

0.83 

0.85 

0.85 

0.86 

0.87 

0.90 

70 

0.82 

0.82 

0.84 

0.85 

0.86 

0.86 

0.87 

0.90 

75 

0.83 

0.83 

0.84 

0.86 

0.86 

0.87 

0.87 

0.90 

80 

0.84 

0.85 

0.85 

0.87 

0.87 

0.87 

0.88 

0.90 

85 

0.85 

0.86 

0.86 

U .87 

0.68 

0.88 

0.88 

0.90 

90 

0.87 

0.87 

0.88 

0.88 

0.88 

0.89 

0.89 

0.90 

95 

0.88 

0.88 

0.89 

). S 9 

0.89 

0.89 

0.89 

0.90 

100 

0.90 

0.90 

0.90 

J . 9 U 

0.90 

0 . 9 U 

0.90 

0.90 

PFR CFNT 




PACKING 

FACTOR = 

0.67 



0 

0.77 

0.79 

0.82 

U .87 

0.89 

0.91 

0.93 

1.04 

5 

0.78 

. 8 0 

0.83 

0.88 

0.89 

0.91 

0.93 

1.04 

10 

0.79 

0.81 

C .84 

0.89 

0.90 

0.92 

0.94 

1.04 

15 

0.80 

• w 82 

0.85 

'.89 

0.91 

■ J .92 

0.94 

1.0 3 

20 

0.81 

0.83 

C .85 

L .90 

0.91 

0.93 

0.95 

1.03 

25 

0.82 

0.84 

0.86 

V ..91 

0.92 

0.93 

U .95 

1.03 

30 

0.83 

0.85 

0.37 

0 . 9 ] 

0.92 

0 . 9 A 

0.96 

1 . 0 ? 

35 

0.84 

0.86 

0.88 

0.92 

0.9? 

0.95 

0.96 

1 . 0 ? 

4 U 

0.85 

0.87 

0.89 

0.93 

0.94 

0.95 

J . 96 

1.03 

45 

0.96 

0.88 

■J.90 

3.94 

0.9 A 

0.96 

-.97 

1.03 

50 

0.88 

0.89 

0.91 

0.94 

0.95 

0.96 

0.97 

1.03 

55 

0 . 8 Q 

() . QU 

0.92 

0.9 6 

0.96 

0.97 

0.98 

1.03 

60 

0 . 9 J 

0.91 

-..93 

U .96 

0.96 

0.97 

0.98 

1.0 3 

65 

0.92 

0.93 

C .94 

0.97 

C .97 

0.98 

0.99 

1.03 

70 

0 . P 3 

0 . Q 4 

0.95 

0.97 

0.08 

0.99 

0.99 

1.03 

75 

0.94 

0.9 5 

C .96 

0.98 

U . -^9 

0.99 

1.00 

1.0 3 

80 

0.96 

0.97 

0.98 

0.99 

0 . Q 9 

1 . U 

1.00 

1.03 

85 

0.07 

0.98 

0.99 

1.00 

1.00 

1 . v)u 

1 .-1 

1.02 

90 

0.99 

0.99 

l.UO 

1.01 

1.01 

1.01 

1.0 1 

1.02 

95 

1.01 

1 .01 

1.01 

1.01 

1.02 

1.02 

1 . u 2 

1.02 

100 

1.02 

1.02 

1.02 

1.02 

1.02 

1.02 

1 .02 

1.02 
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(FIR. DEN .= 1 . 54 ) 

1.14 

1.17 

1.22 

1.30 

1.32 

1.35 

1.38 

1.52 

PER CENT 




PACKING 

FACTOR = 

0.59 



0 

0.67 

0,69 

0,72 

0.77 

0.78 

0.80 

0.81 

0.90 

5 

0.68 

0.70 

0.73 

0.77 

0.78 

0.80 
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TABLE 1-3 

MAXIMUM VALUE OF FILLING COVER FACTOR /C, IN TERMS OF 
WARP COVER FACTOR, BETA FACTOR, AND YARN BULK DENSITY 

This table provides solutions for the maximum weavabihty equations (par. 1-3.3) for: 

(A) Plain weaves, 2-harness 

(B) Twills, 3-harness 

(C) Twills and crowfoot, 4-harness 

(D) Sateens, 5-harness 

(E) Oxford weave 

The overall range of warp cover factors is from 8 to 62. However, depending upon the yam 
bulk density and/or the weave type, the range may be less than this. 

Beta factors range from 0.5 to 2.0. See body of the text for: 

(A) Computation and organization of Table 1-3, par. 1-3.3 

(B) How to use Table 1-3, pare 1-5 

(C) Examples of use of Table 1-3, par. 1-6 

(D) Basic assumptions and limitations of tables, par. 1 -7 

In using this table the computer print-out symbols K1 and K2 are to be interpreted as and 
K 2 , respectively. 
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